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iSfotes on Seed and Pl^nfe EkiDeriments 
' (Lessons I yd^2) 



It is best to b.uy;^ seeds from a rfeputable seed oompany", 
though sbme teachers have had good res^flts vvith.driecf corn 
.and beans purchased jit groc'ery* stores. .Whatever your-' — . 
source.of svipply, pre-test your seeds at home, so that you , 
can geWiothers 'if necessary. Soaking the dry seeds over- 
. night; will speed-up. germination. Soaking for longer. periods 
dpg.s no fiBrm but children have toJ)5umore careful in plant- 
ing so they do., not break 6ft4-he''sprout. " * 

Besidfes corn and bean seeds , you wilfneed a^^few whol'e^..^--^ 
potatoes efnd whole onioris. In some parts of the country 
• such products. are treated with growth-inhibiting' chemicals , 
'so look for signs-of sprouting before you buy. ' The local 
Farmers Market should be-a good source' for viable potatoes^, 
and onions -if you cannot find any at your grocer's. ^ 

Some children ftave never seen a bean plant or even a bean . 
pod an^^ have no idea* how beans grow./Some/children have " 
seen only dried bean. seeds , or frozen or canned gr^en beans 
that have been cut in pieces ; It will be interesting tp the 
children if yau let a f^w wax- bean plants grow to .maturity. 4 » 
The plants w^ll first flower and then beaf^eahs-^in pods. 

Consult the MINNEMAST Handbook, Living Things in tijsld ' . 
and Classroom, for -other Hseful information about plants;.' . 
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^ Cecropia Moth; Martin Bpvey Pilm Producer. The life cycle of a cecropia 
moth is presented -with great clarity. This is a creative film show- 
^ ing the development of the moth in parallel w^th the blooming of 
^ different plants throughout a summer. ..beautifully dorie^ 

* What Plants Need for Growth ; Encyclopedia Brittanica Film.s, 1 150 
- Wilmette Avenue, Wilmette, lUinois ^60.091. Simple laboratory 
I ^ e^xperiments are performed to illustratdOthe' basic needs of plants — 
how water, light , 'minerals , air ana warmth affe.ct plants and to 
show how plants react to favorable and uWayolrable conditions." 
Children are encourhg^ed to set- up similar experiments and to care 
for planes of their own. ^ * ' 

Wonders of P^nt Growth ; .Churchill Films, D.C. Heath and Co.^ An 
^ eight year old girl and a sJLx year old boy plant dl^fferen', kinds of 

, seeds ond observe their growth over a period of we^s,. Plant 
^/growth from roots, stems; and leaves is alsp shown^^ The children 
in the film work independently y- ^ ' . 

. NOT^v The films are not referred to in the. lessons, hut the children will 
.benefit a. great deal from seeing them.', Wh,en you oTDtain^the films, show thg"fn 

, during the teaching of Sectian \ . They will reinforce ,and extend the corice|>ts 
being developed inr that section i Jhe^Cecropia Moth , for example, will show 
the children that animals , as/well ^as plants, change with time. 



INTRODUCTION 



• In previous MINNEMAST units the children, have had experi- 
ence in observing and describing some changing and unchang 
ing properties. In this unit we want -them to.focus their 
attention on the way two changing properties in a system are 
related to e.ach other. The children are guided td' discover ' 
the relation between two changes by setting, up a number of 
experiments. In an early experiment the childrin plant corn. 
They .pbseiYe„that there is a change in the height of their 
plants that is related to the change- in the number of days 
since planting, - Similarly., as they drop marbles into a con- 
tainer of water, they see that with each change in the num- . 

__.b,er of marbles, there Is _ a change-in-the height-oFthe" wafer ,' 
and that there is a relation (or rule that operates) between - 
the two changes. ■ • ' ,■ ' 

Relations between changes like -these are called functifjhal • 
relations. If measurements of the changes can be made, the 
relation can be yiyidly shown on a graph. Therefore the 
chil^lren are given experience with several different methods 
of graphing tTie changes. (The stages in the devel'opment of 
graphing skills are outlined on the next page o.f,this intro^ 
duction.) • 

But even where measurement is ^fficult or impossible, the ^ 
relation between changes can still- be investigated by obser- 
vation arid/or experimentation-; For example, the <Ghiidren do 
an experiment where they let one pota'to sprout in the light 
and'anbther in'the dark. " It would not, be difficult for them to 
measure and compare 'the longest sprout on each potato, but 
it would be impossible for them to measure precisely how 
•much light -(or heat) each potato received during the growing 
period. ^ In such a case, the childr^n..cah. still observe the ' 
rule (the functional relation) .that operated. They can make-' 
a fairly accurate s.tatement saying that the potato that had • 
less light had the longer sprdut, or that there is a^'relation 
between darkness and the rate of growth. ■ 

The concept of functional relations is emphasized at this 
point in. the curriculum because it is-basic toman's attempt 
to understand -the world around .him. Ability to recognize and 
interpret the relation of one change to another and to express 



that relation in concise form is an important aspect of scien- 
tific and mathematical^ investigation. The limited understand- 
ing which the child acquires now will aid hirn in his attempts 
to explain his environment... His understanding will gradually 
be extended as his studies continu'e. 

To bring. out>the a.dvantage of graphing- in helping to visualize 
functional relations-and to record and communicate data, the 
children are given many ^opportunities to plot their measure- ■ 
ments.on grids. , Stages in the deve'lopment of this skill in 
this unit are, given below. . ' 

stages in the Development of-Graphing 

. f .T" Paper striF^TeHgtfis7'^^ cllrect - cpmpar i son , are 

used to- represent plant^height3» vs^. roughly -equivalent time 
intervals. Examples Each child cuts a strip-of ticker tape 
each day to. correspond to the height of his growing corn 
plant. ' He^ pastes these unnumbered lengths of 'tape side by 
side on a grid -where the intervals mark the number of days 
since planting^. 

2. Paper strips measured'^by direct comparison are then 
measured with a -centimeter scaFe, and t;he numerical meas-- 
urement is communicated. Example: Each child keeps a 
record in centimeters of his ^plant's daily height.- He exchan- 
ges this data with his neighbor, and both are able to cut and 
pastes strips "teethe right lengths from the data. ,\ . 

3. A strip, marked with a centimeter scale is used for meas- 
urement, Gutting out one of the steps above. Example: Each 

^.child cuts strips marked off in centimeters to corr.esj:)ond'to 
Kis plant's daily height. * When he, pastes these numbered 
^ strips on a grid, he (and the others) can see^that it gives the 
..plant height vs^days since planting. 

4. The length, data is plotted on a grid without pas tincr on 
paper strips. The appropriate length is measured 'on the grid 
papier, with a centimeter scale. Example: Each child marks.^ 
off \he daily height of his plant in- centimeters above the nuin- 

, ber of days^^whlch are marked off.alon^ the horizontal axis . 



5, Coordinates are added to the vertical axis.- Example: 
X-axis is now numbered os\ the grid lines, instead of in the 
spaces between them* Y-axis now onfy represents c(5riti-^ * 
meters , where previousjy it marked off those measiir-ements . 

6. Ordered pairs are plotted. Example: Child collects his ^ 
data, gath(5ring a record of two. variables . He then plots it ' 
by "going -over," ^to find the first coordmate, "going up" for 
the oGcqnd 'coordinate , and marking the point at the inter- 
section of the two grid4ines. , . * . 

Some of the early activities lend themselves particularly. 
well to the earlier stages of 'plottfng. In later activities, ♦ 
-A/:c:iri-ou s stages-^-a re~~sugge sted-a s -appropr^^^^ 
use your own j-udginent, moving lo more advanced'stages as 
"Soon as you feel your classM^s ready. Stage.6 is developed 
in Section 4 and will be reinforced repeatedly in later work. 
The work in* plotting is intended to give tl]e childr^ skill in 
graphing but, more intpoilant still, to emph.asize the func- 
tional relations depicted by the graphs.' / ' 

Many functional relations- involve a measurement of the dura- 
tion of .an 'event. Therefore the uhltincludes several lessons 
which review the determination of duration and its ^associa- 
tion with clock reading.,. It is suggested that you use these 
lessons as indicated! ih-the^ unil: plan on page 6, but carry 
the activities of Lesson I r (TV^elve-Hour Clock -- Minutes, 
Hours) on throughout the balance of the j/ear, increasing the 
(Complexity as your class progresses. - , 

This unitincliides severaLaotivities involving functional re- 
lations where measurement of a time interval is^not a factor. 
Examples^ are found in tegson I 5, in which the change bf 
depth of water is asso^jiated^with the number 6f submerged . , 
mhrbles,.and in the series ^of lessons relating the weight of 
an object to its volume' found by water displacement. The 
lessons* on weight and volume jUustrate* not only functional 
reia[tions which are independent- of time' measurements, but 
also'lay.a foundation for work on density to be developed 
lat^r. Density itself should not.be discussed at this time. 

NOTE: For a brief summary -of the unit objectives, * . 
turn to page I63gi' • ' . 



ISJOTES ON TEA.CHING THE UNIT • - ' * 

Some of the activities of Section I , Plants, will extend over 
many days, though often requiring only a very few minutes 
each day. However*, some things in this section should be ' 
done on certain (lays of the week; The lessons of S.ection 2, 
and ensuing sections, are to be carried concurrently with 
Section I , on days when the plant -activitiies dp not require 
much time or have been completed. The lessons of Sections 
2 'through 5 need not be done on particular days, but their 
sequence should be maintained unless you' feel that some 
' are not necessary for yot3r class. ) ■ " 

Specific ally, 'the planting of th e corn in Le sson I shou ld be^ 
discussed ahd*^done on the first Thursd'ay tKaf the unit is 
usey, with corn kernels, you , have soaked over the previous 
night. The activities of Lesson 2 shoyld be done on thq 
^/ first Friday^^ One of these activities requires wax beans ^ 

-soaked ov6r Thursday night. Additionaf pre-soaked beans 
- -should be. planted each day until the first specimens have 
grown to th$ point wher,e they have their firstleaves. Then 
■a typicarbean plant from e'ach day's planting should be dug 
up and the set arranged In order of ''the number of days since. ^ 
planting." . ^ ^ ^ / ' 

' ' s 
Planting the pre-soaked corn on Thursday (a-n^- the- pre-soa^ked 
wajx beans on.FridayUnsures'^that by MondayCtfiere-will be 
— suffrcient growth of the plants to permit the first nSeasure-. , 
.ments. ^Worksheets are provided only for recording, the' mea- 
surements of each chMd's corn plant. (Th^ development of ^ 
other plants can be recorded on the chalkboard'. ) The, period 
of observation and measurement extends over three' week- 
ends, so that predictions about the probable growth can^be 
made every Friday and checked ag^Mn^t the- actual^ measure 7 . 
ments on Monday. Oh the first weekend^ th6 childre^i can 
*only guess at what wMl happen to lEKjeff"%eeds. But l?y the^ 
next Friday, gftef measuring their plants for five schopl days, 
th.ey can perhaps make more sophisticated estimates of the 
amount of growth that will 'take place. When, pn the third 
Monday, they haye'checked the pr^vfous Friday's .predidtlons, 
the plants may be discarded but only after a full discus- 
' sion of the chang.es that have taken, place in the plants. 



The suggested s.chedule for teaching (on pages. 6-7) should" 
be helpful in showing you how to schedule the lessons of the 
unit so that the two daily periods devoted to MINNEMAST can 
be used most effectively. '.It shows- a plan where you start 
teaching^ thf unit on' a Monday and explB-ins bow to modify '. 
the plan for other starting days. • ■ ' 



^GESTEi) TKA- CHING SCHEDULE 

If you start th^'Uhit on Tuesday or Wednesday, do Lesson 8 
that day and df;^splace^ the lessons of Section 2 accordingly 
on the schedule -~ conducting J^es son 8 or Lesson 9 on 
-W^nesday and 9 or I 0 on- the following Tuesday^; etc. 



If you starttfre-unit on Thursday, do Lesson J that day and 
da not start the lessorrs-oi^ction 2 until the following 
Tuesday, 



"Wherever you see a blank on the right side 'of th^age^it 
"roeanJ the lessons, of Section I will take up the two full 

MINNEMAST periods for that day. When the plants are disr 
.carded./ which occurs, on a Monday^{the eighteenth day since 

planting the corn) ^ you will have^^ no further need for this 

schedule, - ' , — ^ - ."'V 



^ , Section I . . - , . ^ Section 2, etc. 

^ ' - " ' : i — r: ^— ^ : : — ■ ■ ^" — 

M ^ ^ ' ^ • ' ' Lesson 8,- 

T ' ^ . - Lesson 9 



W * Soak com kernels overnight for; Lesson 10 

'ILeason I ' . • ' . ^ ' 

Th ir^sson h discussion; qhildrerv • ^ ' ' 
plant pre-sbaked Oprn; soak wax " 
beans- for •tomorrow, : " 



Lessoti 2: experiment with 
potatoes and onions;, children 
plant soaked, wax beans; pre-^ 
diction s„ about changes ij^tK'e 
plants; assign a child to soak ' 
a few wax beans on Sunday \ 
night for Monday's planting r' 
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Section 1 , pontinued 



Section 2, etc 



r 



. Th 



M 



Lesson 3:' first nieasurement 
and" record of height of com . 
soocilings; chqck predictions; 
observe changes in otherptants , 
nuiking chalkboard record' of 
gfo;vVth of wa-x beans and of . 
other plants, a's desired; soak 
a fev/ more wax beans. 

Continue plant' observations; 
-nioasure and record cDrn-^g-r^w-th;;^ 
plant soaked beans; chalkboard 
reco^rd of beans ^ ,etc,; soak- a 
fov; more beans, - , 

-Samc~.asJ[ [ . 

Same as T and W 

; Lesson 4: predicting, but other- 
\viso same as T, W, and Th; ^ 
^a-ssT^r^^^A^ to soak ^eans on 
Sunday niglil 

lesson 5': check, predictions^ 
plant a fe^v more*so.akod beans; 
soak a,T\3V^ more, 

. Continue plant q^bs^ji^ations; 
mea-sure and record corn growth/" 
plant beans; soak beans, . 

Same as ^ . 

.Same asT and VV 

Lesson 6; preditrting, but other- 
wise^same as T, W, and Th;' . 
Jdst planting of beans. 

Lesson 7: 'check predictions;^ 
final discussion of plants; 
discard plants. 



Lesson I I 



Lesson I 2 



Lesson ITS 
Lesson 14 

Lesson [5 

Lesson- 1*6 

Lesson. I 7 
Lesson I 8 
Lesson 19 



Continue unit 
sequentiaUy.. 
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SECTIO\ 1 



PLANTS 



PURPOSE . ' ' - > 

- To give the children some experience with living plants. 

. - - To have the children observer describe and compare 
changes in the plants, , 

To^ teach ways of representing' and recording the changers. 



To teach the making and reading of graphs. 

- To- convey the idea that graphs are "pictures" of certain 
relations betwe§n changes^ ' ^ ' 



- To show how graphical record's of relatitf^s can be used' 
to describe and predict changes. 



COMMENTARY 



Lesson 'I involves planting corn kernels that you, have 
soaked overnight to speed up germination. It is best to • 
schedule .this lesson for a Thur*sdaV.. so that by the follow- . 
ing Monday there will be enough -plant^growfh for, the chil-. 
dren to measure. Therefore, if you plan to start teaching 
this urtit pn any other day , begin with Section 2 and return, 
to this lesson ohi»the first Thursday. ^ " ^ 

Lesson 2 provides, some experiments the children can do. to , 
observe changes in potatoes, onions and beans. The les- 
son provides> an excellent opportunity for the' children tp 
make up and try^ other experiments and they should be 
encouraged to do so with whatever variety of materials you 
can "provide* The children whc^participate in Activity E of. 
this lesson continue to.plant a few wax beans (sbaked over- 
night) each .day- for about. ter^ .days. " 

After the first seeds are planted and the .experiments set up, 
daily plantings , observatipns , measurements and discus- 
sions will not take up much class time. Use the remaining 
ti^Tf^to teach other lessons of the unit (see Suggested Teach- 
ing S^edule, pp. 6-7) , but reserve a full period or two for a 
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final discussion .of the changes just before the plants ^are , 
discarded. If possible, keep the corn' plants until the eight- 
eenth day after planting ( a Monday) so that the children can 
check the previous Friday^ s predictions, but dispose of other 
plants whenever you think appropriate, ^ . 



Lessons 3 through 7 are concerned only with the corn se'ed— 
lings. In these lessons each child ngt only has the pleasure 
df working with a living, changing thing- and of speculating 
about its development, but he also is given the experience 
of measuring^it, and recording and graphing the measure- 
ments. Each child should become aware that the height of 
the plant increases as the days pass, and he should see the - 
connection between the numbers recorded in a table of plant 
growth and -a graph maqe from such a table. 



JThe child should discDver that by using a graph he can- 
"look bac)r'To^SBe-h6vv^4he-ji ^ has g rown, and even ven- 
ture to predict how it will continue to^"grow7~""He^u§ht^c 
learn that a graph is, in a sense, a picture' of the relation 
between the height of a growing plant and the duration of ^ 
its arowLli since pin-ntina He should also discover that the 
curve that shows his plant'*? growtn is dittermrt-ffam-ihat.of^ 
ather similar plants . This illustrates the fact that living 

things vary. , " • • , 

^ - ^ . ^ 

^iljOTE: .In any work with plants, seeds should be tested, 
ahead of time to determine the^percentage of germination. 
If you test the planting procedures at home first,. you will 
also be able to anticipate the children's problem^ ajnd quesr 
» . tions ; and to make a few'^measurements to get an idea of 
how the plants will perform* You may also want to start a 

.few extra plants iaoase some'^hildren are -not successful 
with theifs. Jf eaco^ciwij^ planjis thr^'e corn seeds, in his 
paper cup, at least •Ijwer'^s^^ and one can be meas- 

ured, the other beingsJi^t for a spare, l^eedtess to say, 
no'^two plaints will be exactly alike, but this in itself dem- 
onstrates the variatibn^ inherent in- the biological world/ 

' Seeds will germinate , more rapidly and are more easily meas- 
ured in sand, but soil may be easier to obtain^. If so,' use 
it. For more help and suggestions, consult the MINNEMAST 
Handbook, Living Things in Field and Classroom; 
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Lesson. 1: PIANTINQ CORN 

'v ' » . .. 

Conduct this lesson on- a Thursday. Prepare for 'if by soak- 
ing overnight sweet corn kernels- (three per child and. a few 
spares) and a few kernels .of other kind^f corn, such as 
popicorn, caii'co corn or field corn. 

• ♦ 

In Activity A each child will plant three pre-soaked'Vweet 
corn kernels in a small co"nfainer-of sand or sofl in order to 
hrave at least one healthily growing plant toTend, observe,, 
describe attd measure during the next two weeks. Soaking 
. the corn kernels speeds up germination, so that by Monday" 
, • . each child should haveione measurable plant. 



The diversity of, Activity R depends, on what materials you 
can provide. It is desirable that the children experiment by 
planting^sorhe unsoaked k^rnei-s of sweet corr), by planting 
a few other kinds of corn for comparison, by testing g^-owth 
in soil. against that in sand/ and by seeing how-^a corn 'plant 
grows (I). in thd'dark;^ (2) in extreme he^t and (.3) i'n \ 
drought. * " , ^ ♦ . - 

^ — . . 
Rathei: fuU dlscTrs^ion^pjiecede and fol^ tha p la nti ng s . • 
Suggestions hte given in the"acB*'1lies~focLtl^^ of . 

these discussions, but^the children should~contnb\pte~a^. 
J2uch_^sf^ can to each. You may also wish to have them 
^i^w''Pi^JtOTes-eijfldiat_t^^ thejr.seeds will becomq; 
and later of the plantsastR^ 

Cornfs a very important American crop. It is processed in 
many ways> some of which are familiar to chi ldren (corn 
bread, corn flakes, corn syrup, popcorn). Corn has an 
interesting hisfcori^t'too/ and it has sometimes been used as 
a decoration in North and South American architecture. 'You 
may wish to take advant*re of the children's interest in 
their com plants by having them investigate some of these 
areas in. their social studies (Optional Activity C) during .the 
weeks they are observing and measuring thei&corn plants. 
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MATERIALS _ . " 

' ' ■ — for each child — ^, . 

- 3 sweet corn kernels siaked overnighl 

when squeezed in the hand ■ 
, _ tape.or label for the child's name „ 

— r for the class -- 

' i-prnels of various kinds i 

■ _ a few soaked and unsoaked kernels oi 

■of corn 

1. a few. containers of sand ' 
' - a few containers of soil , ■ - 
plasti^ wrap 

- ■ a f ew pdper bag s ■ •, , .'> ■ 

I — optional -- . • - r 

, _ pictures and books about corn-' ^ ..^1 ... 

■ S.ak overnight the three sW^et corn 

^hild in•Acti^>,ity A. -d sc^n e of ^he sand 

plan to have, the ^^ilarep use xn Agivi^^^ 

ir^oUJtob. used and ^J^^ f ^P^^^^'.^^r^a out of the dire^ct 
' tainertwrthrU^eforeclass^^S^^^^^^^ ^^^^pt 

- sunlight aere the ^f'^'^:] '^^^^^ children place 

r^r -~ "^^^ 

from excessive heat or cold. . • . , 

. • - . " • ^- ^' . ^: • 

PROCEDURE , ^ 

sweet corn h""^'^' f„a '^o or. Let them do most ot 



(I). Many. things change from day to day, (2) Living things 
change in a way call growing which means to become 
larger in some way. (3) Plants^a^ alive and 'grow. .\ * 

Then ask the ^cjhildren how fhey cduMjind*out hoW much the * 
seeds will grow and how they-\yill*chang^. They should 
suggest planting the corn and observing the-^^grqwing pla-nts. 

When' the children have suggested prantiftgv.^ask them to. 
think.about what would make up a ';plarit-^rowihg system, 
They^should be able to say that sand .dr spil) water;- and" 
light or warmth are neces^^ry parts of sucft &^sy§temv ^ ^ 
' ' t . ' ''^ 
^. ^ Now give the .children a container df - 

' ) sand or soil and a I'abel,- Have each 

• child print his name or initials on the, 
label and paste it on* the container, . 



Show the children how/to plant'their 
seeds by pushing the seecls dbwn 

' about one-quarter to one-half inch ' 
below the surface^of the^sand, thqii^l 
.smqothing the sand ovt^r the top. 

* (If the seeds are buried too^deeplj^, 
the seedling may' take Idhger to 
reach the surface. A' good depth fors' 
planting is about equal to tl\e' thick-* . 
nea^ of the seed.). 

After the' seeds have been planted, 
hsk the childrenTiow they cduld 'keep 
' the sand moist oyer the weekend, ^ 
Then havis.each child plaice p^lastic " 
wrap loosely over the t<)p of the con-^^ 
■^Hainer so that the satid will not dry 
*out. 



On<the chalkboard^ make a reco^td: " 
Soaked sweet com kernels planted 
by^all students, Thursday, Jan. 5,^ 

Now ask the children wher^ the containers should be placed\ 
(Lead them to choose a shelf or table oyrof the sun.") ^ 





Finally^ a'gk Jhe'childmn to make i)redictioris afeout What 
will \apperfto^ the seeds tKey planted. 'Ha<;^e, them speculate: 
how quickly the {Dlants fh'ay gi^ow.ip the- differer>t-pots-*and'' * ' 
/suggest faetpfs (wateY,-suniigf)tv wanrftlj^.the quSlity-of the 
seeds themselves) which bight affept the. rate of groWthV • 



.Activity B 



In this- activity, you want the' children in/'feach group to use 1 
•^S7muchlngefiuity as they can ip, thinking of an eyp^riment, 
to do with th'^ seefl?,. If fhe.childr^r? l^ave troOble, thinking- * 
of plant .expertrrrents by themselves'* askthe^ why you • 

• soaked 'the sweet corn kernels whichfthjpy plintffd/ ff the> * 
children have hp theories, .suggfest that one group plant \ 
spmfi ua'soaked seeds^as an experiment EUclt that all. the 
other conffi^iof^s of^thfe planting must {)e the same. • , 

' Other suggestions: . , ''^ " ^ . - • 

•Ask the childrefi^tp speculate ^bout how p;)pc6rn niight look • 
as it/gro\^^ Will it be as largd'a*" plant as"th^-sw^et com? '^^ 
How cari*Mey find out? ; Have them plant some, ' • ^.^ * 

Many plants grow^in, the*desert^;^ What i? a desert like? ' . 
(It is hot and dry*) Do yqu-ihink popcorn vvould grow thisre? < v 
How, can wa find out? 'Guf^^fhe^ children to plant .some pop-^. 
corn and pla'ce it op. a .radiator: \ ' 

* ■ . ' ' • • V ''^^ . " . ^' % ^ * 

When^i^ou planted you^ sweet ^corn kernels,^ why did I ask you 
to k^e^g.them but of the^dii'^fet sunlight at first? Doe^. tdo^ 
much.heaffrom the sunlight preyen* the kernels from sprouting 
^ quiclcly? Ddes.it pre.vafit'thern from sprouting at all? 
Have the children set up an e^erlment *t'0 find out, ' 

' -\ . ; . ^ — _ , 

How wift'darkness. affect a seedling's growth? Have tHe chil- 
dren do sorfie plantings ,and cover ^*acli container with a paper- 
bagt 'T.hey%^y be astonished/at what ha.pperis. The corn 
seedlings rriav^ grow very fast-^t first, especially if it is warm ^ 
under the bags?, bii^ later,— though they may continue to grow 
tall 7- they^will^be^come pale and sicfely^fronv the iaak of light* 
bo not^ell the children this; let them finci out by pbservir/i > ' 
their^experiments^. ^No record sheets are provided for the ex- 
periments of this activity, ^l>ut*you can help the chilcjren keep.£ 
track of wha€ they hl^ve-done by marking the ^containers and by 
-writing the data on the- clialktioard. . ' ' ' 



* J» • 



ActivLty C (Optional) ^ . - ' ^ ^ ' . . 

VR^ciding^ writing and^art lessons may be used to take advan- 
tage of the cKildren'S interest in their plants. (A description 
of some good primary books is given in the bibliography on . 
page vlii/) The children Inight like to'talk. about their own 
^xperieixces with fiTouse and garden' plants/ or try some plant 
-Experiments at home.. See the MIN'NEMAST HamdjDook for 
X suggestirons. ' - 



NOTE: Read Le&son'2, which yay will ponduct tomorrow ' 
(Friday),, so that you ean.decide how, many w^ax beans to 
soak, and how many other kinds .of "beans, potatoes and^ 
onions you wiH\need> 
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Indians Husking Corn 
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Lesion. 2: EXPERIME^^JTS WITH ONldNS; POTATOES AND BEANS 



;-eottduct thrsriij-g-sroTn^FTitte Prepare for tt by soaking 
wax and other kinds of beans overnight, ^ 

In this les^Qn^ the children pbserve changes in growing , 
onions, potatoes and beans during two weeks. T.hey observe 
some effects .of enviljcbnmental conditions on the growth, ' ^ 
Small jjroups (four or fewer children) carry out simple experi- 
ments involving one^or more of these factors, . Twp.or more"", 
groups should be doing the same activity, but interest can 
be added by having eadi group use a' different kind of onion, 
potato or; ber*n. Results with the different types of plantings 
will be somewhatfdiffereat, but not contradictory.. The Use 
bTa, variety of materials (either different plants , or Sand in , 
place of soil) actually will furnish a kind of insurance of 
some results; and variation^.in itself is an^ important ^charac- 
teri-stirc of living things. The kind of potato which sprouts ■ 
slowly, for example, may^.be better for keeping in the store, 
but p6,*rhaps not as g6od;for growing a crop, fhese' differ- 
ence5> can be exploited in the^classroom as points for discus- 
sion and^^speculation. ' ' ^ . . ^ ^ , 



MATERIALS 



Quantities specified fbfeaclvactrvity are sufficient fpf only 
\pVe group/ Double'oV triplevthe^Artounts/'as n^ecessaryT^^ 

~- 2"briibns, 2 small 7^rs^of""wa^^^^ toothpicks (Activity^ A)' / 
— " 4 potatoes, preferably beginning to sprout (Activities 

- ' spring scale or beam bfila-nce from -Uttit if beam bal-^ 

ancjB is used, -provide sMall paper clips or beans ^s 
weight units. (Activity C) , _ ' • . 

' I small plastic bag (Activity C) - * . 

- 2*sniall pots' of sarjd or soil, with saucers (Activity D) 

- ,^20^or more wax beans; soak 2 or 3 beans oyerrtight to be 
ready for each day/^s planting (Activity !E) ■ . /• * . 

- U plastic shoe^ box or pan of soil (Activity E) / * . 

- . IQ row markers such as craft sticks, plant markers a*/ 
tongue depressors^ (Activity E) ^ ^ ^ 



PREPARATION ' ■ ' , . >. 

Figure out no^ many groups will be doing each activity and 
try. to find a' variety of onions, potatoes and b'eans to^suit. 
Onions cfould include Bermuda, spring,, white and red. 
•^Potatoes". could be Idaho or" Ohio; Beans could include wax, 

lima, navy, green, or.pirrto. -Have the group soak two or 
^ three wax beans eacH night (for ten ni%hjs. or so) for Activ- 
ity E.: ^ ' ^ ; . ^ 

PROCEDURE ■ ■ • 

Activity A ' , ■ , * _ , ■ • 

. ^ Group A prepares, the two onions.. One onion is^set abdve 
^ water in a jar in the light and the other is- set up in the same 
way, but kept .in a dark place or^under a cardboard box or 
paper bag. Usually within twenty- four hours small roots 
will begin to ajppear oh the onion kept in the ^ light .^.^T he 
children doing this activity should make. a drawing or other 
- record of the onions right after they have been, set up, and 
another after roots appear. There is a lot of .root growth 
before the top develop^. If a child should want to place an 
^ onion upside down o^er water, let him try that, tooi 




Onion over Water^ 
in light ^ 



Onion over Water 
in Dark 



Activity B 



Group B uses whole potatoes^. One potato is placed' on a 
table or 'shelf irr the light. A second potato is placed -in 
a dark drawer or cupboard. Within a few days the young ' 
sprouts on the potato in the drawer will be' long;er and paler 
than thos^ on the qjae in the light. Only-a few of the 
sproutp will^develop. Drawings br other records should be 
made of sevfeVal stages of develppment.. , » 



Activity G 



Group' C uses pieces of potatoes . Cut several cubes about . 
one inch in size , w;ith'at least one eye in each cube! Leave 
the.. skin on. One piece should be exposed to the air and 
one should be enclosed in a plastic bag.. Keep th^. latter 
out of direct sunlight or str6ng heat. The exposed piece will 
turn dark faster, shrivel .and lose "weight .due to evaporation. 
Have the children weigh the pieces with the spring scale or 
beam balance immediately. Then have th'em weigk the pieces- 
after several days. The two weights should bexecord^ so 
that a comparison^of weight'^changes can be made. Any 
changes in appearance should also be described. 



Activity D* 



^. Group D prepare's two pots of moist sand and plants a piece 
-of potato (with on6 or two eyes) in each pot. The eye shoi^ld 

be above' the sand level. After a record has been made, both' 

pots are to be waterec|l, and' 

one placed in good light. * The 

other should be nearby under a 

small-box or light-proof bag. * 

WitHin two or three days' the 

sprouts on the piece in the dark 
.will probabl/ be longer and paler 

than those on the one outsiders ^ 

and sometimes roots will appear 

on the surface of the one in the 

dark, especially if the soil is 

kept quite moist. - . » ^ 




Group E is to make a series of plantings of beans to compare 
plants that have been growing for different lengths of time. 
The children should prepare a tray of soil and plant, in it» 
each day two bean seeds which have been soaked over the • 
previous night. They should mark each row with the-date on 
a craft stick stuck in the-soil. ' (The extra, seed is planted 
to increase the likelihood that at least one plajitwill develop 
for each planting.) Cafe should be taken to cover the" beans 
^with no more^than one-fourl^h inch of soil or an amount about 
equal to thp thickness of the bean. The soil should be kep\ 
fairly moist and two beans ^ut to soak each night for the 
next dayi'S planting. Each large container's ho\ild be labeled 
with the name of the bean'plarited in" it (wax*, lima, navy, / 
pinto, etc.) . ' , ' , ; 



•Wax Bean 
Plants 
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At the ejid of the fjrs-t week, reports can be made to the 

class by each group., These reports can be continued^over 

the next week if interest is sustained. ^ ' ' • 

When some of the beans of Group E have their first leaves , 
one of the seedlings from each day's planting can be dug up a 
and the whole series arranged in order of the number of days^ 
since planting. The stages of development can be observed 
and discussed, and the root structure studied. (Let some 
plants continu.e.to grow so the children can see they produce 
first -flowers , and^hen a new generation of beans.) 



Suggestions for Discussions: • / 

In Lesson ! the children defined what they thought were the 
essentials for a plant-growing system. In Activity A of this 
lesson, one onion had only one element (water) wKich'was- 

• considered necessary. The-children should discuss what 
happened to the onion thus deprived,., as well as to the 

^ onion that had' two elements (water and light). They. should 
compare. the growth ofvthe two onions and speculate further 
about the absence of soil:' Would planting in soil., with 
water and light hav.e made a difference? Consult Group D.' 

The children who did -ActivWy B should note that one potato 
had none of the essentials df a plant-growing system* not 
even light. They should discuss how the light affected 
.growth of the sprouts and try to explain why .the "potato in 
the dark sprouted faster, (it .probably<was warmer inside ' 
the drawer or cupboard .J Did ."the potatoes perhaps have 
water within them? - Let GFOups C and D contribute to this. 

Group C was not ^trying to grow' anything . Their diseusslons 
should cpncern how the exposed piece of potato dried up and 
^ discolored more quickly than the piecd protected by the/plas- 
.tic bag, and why.^. And chiefly they should be concerned 
With comparing the changes in weight of these parti.al plants, 

. Group D should discuss what the deprivation of light did«to 
the potato that had every other e.ssential for-growth). try to • 
find out why it thrived, and comiiar^ its growth with that of" 
the potato that had light. . ' ^ - . 

.The children who did Activity E-should make records of the 
growth of the beans; If various kinds of beans were planted 
the growth of the- different kinds should be- compared . " The - 
"^^l^^.^l^ith.different kinds of beans will vary somewhat, . " 
but will not be contradictory. 

The general conclusioas about the plant experiments should 
^be that plants vary a great deal in their growth^. Some seem- 
to thrive (at least for a while) under conditions which would 
not be at all favorable to others. . Some kinds of plants ^rbw 
faster than others, though given the same conditions. Even 
samples of the ^ame kinds of plants* vary considerably in 
the way they grow. The children should especially note that 



.a 



the duration since planting (or since setting up an expreri- 
ment) has a. relation io.rthe changes in th,e plant. 



NOTE: Plan on conducting Lesson 3 next Monday. This first 
instruction, in observing the changes in the plapts, and in 
measuring and recording measurements,, will probably take up 
ir the entire MINNEMAST time for that day. But, -after that, ar- 
range for a^set time each day for observation and measurement. 
This should not reqmre more ^than a few minutes per day for 
the next two wtvek's, or until such time ap you decide to hold 
a final discussion and discard the plants. 
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Lesson 3; MEASURING AND RECORDIN G HEIGHT OF CORN SEEDLINGS 

^ . '' '' '. " ■ ■ L_ 

■ . ' ^^9in this lesson on Monday, provi^ig thqre is available 

•' fo"^ e^ch child a Gorn.plant at least a half'centimeter tall. ' 

Measurement should be made and recorded in two ways- 
(I) by cutting a paper "strip .the height of the plant and ' ^ 

mounting it oh Worksheet I , the record sheet; artd. (2) by 
"^essuring the height in centimeters with e ruler and enter- 
. V ing the measurement on Worksheet 2, the record table. Jfhe >. 

children will probably need -help with tha«roeasurlng and re- 
coi^di^g for the first time or two, but later'they should be ■ 
able to do these things' fhemselves.' For. consistent results, 

^ • ■ • * *he plants shpuld be measured at about the same time each 

school day. ' ' » 
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/ . ■ ■ ■ • ■ ■ ■ • 

MATERIALS . , " ' . • 

/ - I corn seedling in container for each child 
/"■ - Worksheets I arid 2. . 
/ - roll of ticker tape ' 

•'• . . - njlers With centimeter scale (at least one for each two ^ 
. children). - . 

/- cellophane tape or paste , . " . ^. 

— scissors , ' ■ » 

- small pieces of yarn or string' . 

PROCEDURE ' - - ; ' " 

Activity A " ^, . • - ' ^ . ■ 

' Distribute the plant. containe/s and have each child remove 
' the plastic v/rap from thfe top. .Allow some time for the chil- 
dren to^ examine the plants^ as they are usually quite excited 
about the emergence of the young seedlings. After that,, ask 
for suggestions about determining how tall each plant is, 
which is the tallest, and so pn/ Visual comparison of the 
plants, use of paper strips, afid'use of a ruler; are all Hl^eiy 
suggestions. " ' " ■ ' ■ 

* If germination has been successful, each container will 
have two or three seedlings but provide some of'your spares^, 
iinecessary.. Have e"ach child select his most vigorous 

' plant to measure and indicate, which one it is by marking the 
side of- the container nearest to it with a crayon or.pencil,, • 
or by tying a" piece of yarn or string loosely around the base 
of the plant. Save the other seedlings to u'se in case ot 
acciflent -^ipd .also to demonstrate 'that, even in the same 
. . pot, the plants will vary i'n size and growth rate. 

Next ask for suggestions about.recording the height "of the 
selected plants, "so that the measurements will not have to 
be remembered from day to; day. Again there .are several 
' suggestions the children might make>. But say th.at you have 
decided they should, re cord -the measurements in these two • 
ways: . 




I . Every day each child will cut off a paper strip^to-'niatch 
the height of his plant -^that day. .He wilf.then paste.' 
these strips in, place on Worksheet I , ,the record sheet. 

2. "Every day each child will measure his plant's .height to 
' the nearest half-centimeter wit-h .his ruler. The plant's 
height will^ be entered in'the table on Worksheet 2. . 



After^the children have briefly discussed measurement and 

comp^arison, show* them how to measure with the paper strip. ^ 
. With one hand, hold the strip vertically beside the plant . 

with one end toiy^hing.-the sand. ; Fingers of tlie other hand. 

can be^used*to mark off the place 

on the strip ^that the top of the 

seedling reaches. Holding the " ^ 
' fingers pindhed together to mark . - 

this placje on the strip;- move it 

away from the plant, and snip* " ' . - 

the strip just below the fingers. 

Explain that.you have moved the 
'strip away fi^om the plant before 
c using the scissors in order to ' * 

avoid cutting the plant. (You 
. nxay prefer to haW the children 

mark the strip ^ith a pencil, in- 
* stead of with their fingers . Or 

two cmldrep might need to work 

togetherx- child holding the 

strip and;th^ other marking it.) . 

Now each.chilcl\shbuld cut his own . 

strip to the heicjftt of his plant. . ^ _J , ' _ ' * - 

Have the name'^of^the day (or the 

calendar date) andflWime of c^ay written on the strijD. Next 
have the childrerf mbun1\the strips on Workisheet I , bu^ first 
^ ask, "V/here should we p^tethem? How many days hasMt 
been since we planted. the^eds?" If t'heipflanting wa^ done 
on Thursday, Monday is the Kmrth day. "Day- 0" is.thfe day 
of the planting. It is npw;"DaiM;" The strip; thergjf9re, 
shows .how tall the plants are on the fourth day after^he chil- 
dren planted the seeds ^ (For Contrast with the work'shfeet, 
have the children color the tape with\rayon, if you wish J 




Worksheets I , 3 and 5 
are ide-nticai* except for- 
. the worksheet number. 

Worksheet 2 spreads over 
two facing pages in the 
student manual. Each . 
"chUd should remove the 
pages' and , cut and paste 
them together as indi- 
cated , 

All worksheets on which 
corn growth records are 
kept are used again and. 
again throughout this 
section ♦ They should 
be collected after each 
daily recording so they 
will not be lost. You - 
may wish to display some 
different ones each day,, 
^^along with the plants 
they describe , 
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Next_show the chUdren how to measure the plants' heights 
• with the centimeter rifler.. ' Th^ ruler is sot, zero end down, 
on the sand beside the plant and "a reading of .th^ height is' 
•made. (If MINNEMAST 'rulers are used, you. may ignore the 
length below zero dir have the children very carefully push 
this length into the sapd.) If a plant's height ^alls between 
; two -numbers on the ruler's scale, a child should record the,^ 
plant's height to the nearest lialf-centimeter {\^ cm, etc'.) 

Each child's measurement of his seedling should now be re- 
corded in the t^ble- of Worksheet 2. The row for days repre- 
sents d&ys after planting the seeds. "The blank boxes are'to 
/ be filled in. each day with numbers that represent the height 
measurements.-^ , . ^ ^ 

Each,>sUcc'eeding day, allow, a few minutes for the measuring 
and recording of the plant height. . *- , 

OptionaLActivities f ' ' : / 

M I • An optional project which ypu'can do^Jf^iiQu have ^ suit- 
, *.dble camera — especially a Polaroid, camera — is:* to take a 
picture of one (the same) plant each day, and ma,ke\a disr 
play of the photos. Put grid paper behind the plant. Mark, 
^ with chalk, the gpot where the 'camera and pot are placetcl. " 
B6 sure to use the' same" plant and to take the picture at the 
' sam^ distance /&yjgle^nd time each day. , ^ ' 
> .V , , * ^ 

' 2, As you can see, the records the children Will Be keeping 
are numerical tables and height graphs. Dayi are numeri- ' 
^ callyrecorded as "Day I "Day 2," etc.'. You-might like to 
make.a' large class display bar graph, which would record ^ 
the day of the week below the day number. This could be a 
. bit fancier — you might draw a picture of the plant instead • 
of recording its height by^length o'f a strip. Use a p^arit you 
— - set aside to measure, or one of the children's. " 



Lesson 4; PREDICTING CORN GROWTH • . ' 

Conduct this lesson on Friday. The children sho.uld measure 
^ their corn plants and^cord the data> just as they have been 
doing- each' day^ but today^hey should 'do sjdme predicting, ; 
too. The coming of the we^k^nd provide? an excellent op- 
' portunity to' introduce the idea of trying to .predict what the 
j ' heights of the plants might be on Saturiday^ S.unday and Mon- * ' 
day. (In Lesson 5. the children will see that Monday's pre- 
diction can. be chetked'agaihst Monday's measurement, but 
that Stiturday's and Sunday's measurements can only be es- 
tinlated fronf the' graph.) ' . ' 

* ' . ; • . . ■ ' ^ • ♦ 

MATERIALS ' \- " ' . ' * . ' - ' . / 

- the same as for Lesson 3' ^ 

pkoCEDiURE • • \ ^ ' ' 

After the children have made their daily ifheasurement of the 
plants, ask them to look at 'Worksheet 1 where they have 
recorded Uieir meas^urements with paper strips ^* Ask them 
what the plants will^be doing on Saturday and Sunday when 
there is* ho, schqol. The children probably *will say" that the 
^ 7)lahts will be groyvihg. , • - 

, ' . ; * • 

Ask the children to look at, their paper strips an<^see how 
^ .'much the plants have grown s6 far, and hoV much taller t^ey^ 
** \hink the plants will be on.Saturday.^There srfould be, some 

discussion at this point, since records of .different plants 
^ - will not be the same, but .the children should see that most * 
plants grew a little taller eveTy da?^ and probably/will con- 
tinue to do'so on Saturday, Sunday and Monday* 
✓ 

Ask eachchil4to predict how talLhe thinks his plant will be . 
on^aturday bym^king a pencil inark on the worksheet wher- , 
' ever he expects the top of the paper strip .w^l be.u This mark^ 
- . should be in the cblumnlust to*the rfght of the Friday mea- 
surement. H^NXe each ..cbild^ simi\ajrly indicate how tall he. . 
thinks his plant^ill be on Sunday and'on Hond^V* (No 
entries of the prediction-s should Ke.made on Worksheet 2.) 

, Make sure the plants ha|jfe been adequately watered for the . » 
• • weekend, but do not wet^he sand sp much that„ water remains 



J5 



on the stirface. n'there.i.<i a danger that the plants mighvt dry- 
,.v V out,_-!4>lac^ plastic povcR- ovcf tliem rather loosely, leaving a 
■ ■ l,ittle opening for somA -u,Mrf,iKttion;'. Remove the ptants from ■ 
■ window sills if there.is a Ghanc6 'they" will be top cold there. 
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Lessdn 5:' CHECKING THE PREDICTIONS' 

Conduct this lesson on .Monday, the eleventh day since the 
' • planting of the corn kernels. When'the children make- their 
regular daily measurement of the com plants, be sure they 
first^'compare^ their new strips for Monday with their predict 
tions for that day, and then- paste tfiem in the appropriate 
column of Worksheet 1 , leaving two blank columns for Sat- 
urday and Sunday/ . • . ' ^ 

'Activity C of this les;?on requires more predicting bythe>. 
children.' It is hoped that they will come to realize that data 
from'previous measurements ^e^aseful in making the'predic- 
* tions about growth.^ - ^. ^ . - 

-.Activity D shows tKe children the advantage of the centi- 
. . meter record for communicating the results of measufemerits. • 
This is Stage 3 in the development of graphing (outlined on 
pages 2 and 3 of the introduction to the unit). 

MATERIALS , • ' ' ' 

^ - the same as for Lessons 3 and 4, plus: | 

Worksheet 3. (the same as Worksheet 1 , liut used here . 
' * for predicting only) ' / j 

- Worksheet 4 (a sheet of centimeter seniles to be cut into 
• . tapes) ^ ' « /- j I 

- Worksheet 5 '{same as 1 and 3, but used for mounting 

centimeter tapes) ' - ' 

, ' 7 

PROCEDURE 
" Activity A, 

When the children mcijc'e this Monday measurement, they may 
be astonished that tl^ plants haye. grown so much. Display- 
ing a"graph,. ask: ■ */ ■ N 

HOW DOES IT HAPPEN THAT THE MONDAY M^SUREMENT 
IS SO MUCH lARGER THaVtHE FRIDAY ONE? (it includes 
\^ .^two extra da^s' growth '--/Saturday's arfid Suhday's.)' 
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•Ajs a matter of general interest, conduct a survey about the 
'accliracy, of the predictions that the children made for Mon- 
day. You will probably find there was a great range. 

HOW DID WE CHECK OUR PREDICTIONS FOR MONDAYS 
(By comparin.g the predictions with the Ivjpnday measure- 
ments.) ' '\ ' * ; , ^- 

If is important here that a distinction he made between a 
prediction that can be checked by^ direct measurement (the 
Monday one) and those that cannot be checked by direct *^ 
•measurement (the.Saturd'ay and Suniday ones). ^ In the n^xt 
activity the children will se6 that they can only estimate 
from a graph what tihe Saturday and Sunday heights were'. . 



Activity B 



r 



The children will see 
the need here to^^'look 
back" to estimate the 
growth on Saturday and 
Sunday.^ Show them . 
iiow to^ot a line. (free<^ 
h'a'nd) connecting 
^ tops of all the pasted 
strips. This line will 
naturally bridge the 
Saturday and Sunday 
gaps in the record. 

Ask the children 
whether they can tell 
from their graphs* how 
tall their plants were 
on Saturday and on 
Sunday. "'They shcSuld— 
suggest that the" places 
on the dotted line that 
'are above the Sat^urday 
andv Sunday columns \ 
Days 9 and 10, ought " • > . 

to show. these hfeights. 

(This is interpolation, whereas their predictions were extra- 
polation, but dp^not use these wdrds for" the children*.) 




4 5 6 7 8 , 9 10 I I 
(M) (T) (W). (Th) (F)'(S) (Su) (M) 



Activity C * ^ 

Here the childrjen have another opportunity to predict .growth. 
Ask: ' • . 

. WHAT WILL THE CORN PLANTS BE DOING BETWEEN NOW 
AND TOMORROW? (They will be growing, getting larger 
\and taller.) ■ " ' 

HOW TALL DOplS EACH OF YOU THINK HIS PU^NT WILL 
BE BY TOMORI^OW? BY THE DAY AFTER THAT? BY NEXT 
WEEK? ■ ■ ' 

. ■ , • ^* 
HOW COULD WE KEEP A RECORD OF ALL OUR PREDIC- 
• TiONS? ■ 

Lead the discussion to th'e idea that each child-could mark 
hi s^ predictions ^on a worksheet by putting a mark where he ^ , 
thinks the top of his plant (the top of his tape) will.lDe on 
that day. Sliggest/that such predictions cpuld be made for" 
each dayi ^ ^ . ' 

Hafve the children u^se Worksheet 3 for their predictions. 
Tell them to make crayon marks for each of the next seven 
days, predicting hoW tall they think their plants will be. 
The crayon mark for each day should be made where each 
child thinks the top of his measuring tape will be on that 
day. .The children may find it helpful to th^ir. predictions to 
pencil in marks showi-ng where the tops. of the tapes ^A^ere on 
V previous days; but let them know that they will have an>op- 
portunlty each day to change the remaining predictions if^^ 
they think they can improve them*. They can maka each new- 
set of predictions with a different color of crayon to differ- 
entiate between them. 

After a few days, the children sjiould realize that their more 
complete actual records are helpful in making better predic- , 
tions,* How^ever, toward the, end', 'the gr&wth of the corn 
seedlings may slow down, and the children may discover 
that their predictions are becoming less reliable. If this* 
happens, they 'Will f^ave made an important discovery — that 
predicting beyond the range of the data (extrapolation) may • 
be unreliable,' . " . 



J 1 - 

• In all discussions of the records of the changes in the height 
of.the plants, emphasize that th^re is a relation between, the 
number of days since planting and the height of the^plant,\ 
this relation permits us to (I) make estimation^ of what the 
height of the plant may have been between measurements that 
have already been made, and (2) malce estimations of what t]ie 
height of the plant is likely ^to in the fiiture when measure- 
ments have not yet been made. Such considerations, introduce 
thQ idea of a functional relation between two changinrg quanti- 
ties. But at this time it is more important for the children to 
see that there is a relation and to appreciate its usefulness 
rather than for them to be able to define tlie concept. 

Activity D . , * ' 

This eictivity shows the children how the use of a standard 
unit of measurement. helps in communica^iing measurement ' 
results. E^i child learns this by constructing, from his 
neighbor's data on Worksheet 2, a new graph with strips of 
- paper scaled in\centimeters, ^ ^ 

A^ssign partners and ask them to exchange' their copies of 
Worksheet 2. Say that each chhd will now use his partner's 
measurements to make a new graph. of the data given him on 
Worksheet 2. He will do this by lab^cing at each day's mea- 
surement, then cutting a strip of that length from Worksheet 4 
and pasting it in the, correct column of Worksheet 5, Point"^ > 
out that Worksheet 5 is labeled in exactly the same way as 
Worksheets 1 aad 3, so there should be' no difficulty in 
finding the appropriate column for each strip. Remind the 
children to leave tvyo^blanks for the missing measurements 
" — the Saturday and Sunday data, ' , 

When the new graphs are completed, ask the children to 
connect the tops of the cenfimeter-scaled strips with a free- 
hand line. Needless fo say, these lines will not be too 
accurate, but they are preferable to lines drawn by a ruler 
because: (1) graphs of growth can never be exact, as many ^ 
^of the intervening points are unknown, and (2) mechanically, 
>ulers would be difficult and frustrating to use here. 

Now have the partners compare the new graphs with the 
original strip graphs '(Worksheet \). Hopefully ,<^they will 
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have approicimately the same shapes.' ^While there. will be . 
some variations because of mistakes in measuring, plotting, 
pasting I ^etor. , the children should seelhat the numbers^ per- 
mit them to exchange information easily. 



. HOW COULD' YOU GIVE YOUR PARTNER-THE INFORMA- 
TION ON WORKSHEET I IN A LETTER? (By sending pic^ 
^tures of tTie plant, strips of tape, graphs, measurements J 

HOW POULD YOU GIVE THE INFORMATION ^ BY TELE- 
PHONE? (Only by giving the measurements.), 

WHY DO THE GRi^PHS ON WORKSHEET I AND 'ON'WOKI'- ' 
SHEET 5 LOOK ALIKE ? (They ,are both records of the 
same plant.) - 

Encourage the children to estimate points ia between, the 
data points, such as height at jnidnight of a certain day, etc. 

During the rest of the Week the children will continue their 
daily measurement, extend their graphs, >nd niake predic- 
tions. On Friday they vpLll make predictions, again and pre- 
pare the p^lants for the weekend as in Lesson 4. 



Ask: 



\ • 



Lesson 6: .PREDICTING WITff MORE I#F(.)KMATION 



This lesson, is essentially a repetition of Lesson 4, and 
should be conducted on Friday, the fifteenth day s^nce the 
planting pf the corn, - The children may be more accurate in 
their predictions for this weekend because of their experi- ^' 
ence; However, the height increase by Monday may not bo 
as dramatic this time. The rate of growth depends greatly . 
on the temperature of the room; the weather outside, the 
nutrients m the sand or soil , and the age of the plant. 

MATERFvLS^ * - . 

- corn plants ' . ' / 

- Worksheets I an^ 2 

- colored pe?icils or crayon's 

PROCEDURE ' ' * 

Activity A • . • . 

When the children have made their daily plant measurements, 
ask them to loo,k at the records for the previous weekqnd to 
see how accurate their predictions were. Tell them to esti- 
mate 'how tall their plants wi'H be on the coming Saturday,^- 
Sunday, and Monday. Have them do this by again tnaking a" 
pencil mark on the paper where they think the top of the 
paper strip will be 'for each .day. • 

'v ^ 

Activity B ' . ' 

Ask the children to predict in centimeters how tall they think 
the plants will be. Have them epter these predicted mea- 
surements fn their record table (Worksheet 2) in some special 
way — perhaps by writin^g the number of centimeters with a 
colored pencil in the prediction boxes'-^ so that they wil|. 
know these are* predicted, rather than actual, measurements. 

Take the iisual precautions in preparing the plants for the 
weekend, with extra water, and sheltW from the cold, it 
necessary. Remember that too much water may harm the 
plants. 




Lesson 7: CHECKING THE lAST PREIDICTIONS 



This lesson is like Lesson 5. It should be conducted on the 
last day that the corn plants are'observed and measured. 
This- should be Monday, the eighteenth day since the cbm 
kernels were planted. : ' 

After this lesson the plants are-discarded or sent home with 
the^children, and you need no longer sqhedule lessons from 
other sections to fit in with the plan-^ lessons. 

MATERIALS - ' * " * ; 
corn plants 

- Worksheets 1.-5 ' ' . • 

- ^cehtimeteir rulers • 

PROGErxURE ' . 

Activity A * 

Wheh.the children make their Monday measure.ments, be sure 
the paper strips are mounted^in the correct columns, leaving 
two blank columns between the Friday and the Monday mea- 
surements. Because, the children. have done the procedure 
before-, they will know that they can plfeck their Monday 
predictions by measurement and that by "looking back" and 
dotting in connecting lines they can estimate what'^th^ mea- 
surements"" were on Saturday and Sunday. 

♦ 

Start a discussion of how the growth of the plants over the 
two weekends compare. Guide the talk so that you c.an find 
out how well the children .understand the use of the strip 
records and the- connecting lines as a means of predicting 
and checking predictions. The children shoul^d also under- 
stand clearly, by now, that the strips and the records in 
^ 'their data tables are ways o^ recording the past growth of 
their plants. . ' , ^ ) , 

It is important to repeat the distinctions between predictions 
which can be checked by direct measurement and the predic-" 
tions which can only be checked by estimated measurements 
derived from the graph — the Saturday and Sunday ones. 
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. ' 1 ' 

♦ ' • ' A ' 

Activitir B. - ' ^ , . 

Repeat. Activity D of. Lesson 5 , where the children exchanged 
their copies of Worksheet 2, Have them continue filling in 
. the columns of Worksheet S with centimeter strips for the 
lengths their partners have filled in on Worksheet 2 during . 
'the past week, • 

Activity C ^ ' ' ' . 

* • - 

Uproot some of the extra plants so that the children can see ^ 
^ root systems and have them discuss the fact that sorhe parts 
of the plants were growing unseen while the visibFe parfs 
.were being measured, • . • . , 

w Now make some final disposition of the plants. Probably 
most children will want to take their plants and records' / 
home. If it is mildly^cold^ cover the plants with plastic 
wrap for the trip:hore/ if It is very cold^ use several layers 

* of newspaper to protect them. (You may wish lo keep a few 
corn plants .in the classroom so that the' children can con- 
tinue tO' enjoy them. You may also wish to use some of the 
materials on hand to plant flower seeds.. Scarlet runners 
are highly recommended b^caus4 they -grow very fast and 
will usually bloonj well in the classrobm. Plant otily.one ■ 
runner seed in each small pot and transplant to a larger pot 
later, if necessary.)^ - , 

N^TE: Continue sequentially through the unit from whatever 
lesson and- section you 'have reached concurrent with the com- 
pletion of work with the plants. 




HamaSM"'^^'^^^ -- PURATroN and clock, reading j ' 

PURPOSE 

" - To provide background for those relations in this unit that 

are assdciBted-with time. 

- To extend work- with measurement of durations. 

— To review and "extend knowledge of clock readinq. 

. <s> ■ 

COMMENTARY ' • ' . 

The Iessons«in this section continue the association of clock- 
reading with durations from noon (or midnight) that were ' ! 
started in earlier"* units ,* particularly Unit 1 2 , Measurement 
• with'-Refer ence Units. . You can carry this work.ort through 
the rest of -the year, progressing at any rate and atany lev6l- 
you think appropriate' for your class.. We indicate that the 
time- line can be extended to include weeks, njoriths aijd- 
yeat? , but we do-not specifically develop this.. However, 
the' l^st worksheets of this section- can be- adapted for this 
•purpose and you should feel free to change them to suit the 
, needs of .your group. 

This section begins with ah experiment in which the children 
work with a crude water clock. 'The clock consists of a .... 

.paper cup with a small.hole in the bottom through which 
water drips- into another container beneath it. The children 
^ calibrate this clock — that i-s , they establish a numeral 

scale whiqh-shows the water level'in the lower container at ' 
measured intervals. The duration ' of l^he intervals is deter- 
mJn'^d by counting the swings of a pendulum. This experi- 
ment implicitly introduces the idea of the functional relation 

, between the depth of the water and the duration of its accu- 

jmulation. 

In Lesson 8 the child should see that the accumulation feet- 
ture of the water clock has a great advantage .over counting. 
This feature of the water clock is used in Lesson 9 when the . 
children measure durations in' establishing another.functional 
relation — that between the'height at which a bubbling dye' ■ 
solution marks a blotter and the duration of the bubbling. 



A historical study of clocks is not intended, but discussion 
of the ancient clocks motivates the study of the familiar 
twelve-hoar clock as a more efficient device for measuring 
durations and . — when the durations start at twelve — for.. . 
indicating the time, if your class is* already familiar with 
some asp'fects of clock reading, you rhay wish to modify the 
presentation . Your modifications, however, should retail' 
our use of thd time line and ouf emphasis on associating the 
clock reading with the duration of the time interval between ' 
twelve o'clock and the moment of reading. Thus", "three • 
o'clock" implies the duration of a t'h'ree- hour* period^ the mea 
sureipent of which began at twelve. Once the idea of telling 
^Ime in terms ^f duration since*^ twelve has been developed, 
^ou can give the children plenty of practice throughout the. 
S^ear by frequently asking what time it is , what the clock 
'hands show, what the duration has been since noon "or si^ice 
midnight, and so on. ' " " 

\ ' ' ' 

^ NOTE: If you started the unit with lessons from this section, 
remember to put'wfn kernels to soak overnight on the first . 
Wednesday, so that you can conduct Lesson !• on Thursday . 
Similarly , soak wax beans overnight Thursdav to. be ready for 
Lesson 2 on Friday. Reserve the next Monday for T ^sson 3 
which will take, most of the two MINIMEMAST periods for that 
day because the children will measure and record the heights 
of their plants for the first time. After that, set aside a regu- 
lar tim.e (a few minutes e'ach day) for the children to ^bserve 
ehonge? in all the plants, and to measure and record the . , 
height of the corn plants . When^ou are ready to discard the- 
corn plants, r,eserve a class period or two for a fin^rdi.scus- 
ion. OtHerwise, fise all remaining time to proceed through 
is and subsequent sections. 
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Lesson- 8; ' A* SIMPLE WATER CLQCK , 



This le,sson x'eviews the corltept of clocks that was st^ed 
in earlier Units. The idea of durations needed fgr the 
study of many. of the changes the children will obs,erve that 
are associated .with time.. . . ' / 

First let tKe children experiment with the equipment in order 
to become familiar with it and to make their own free obserr 
vations. Tben guide them to calibrate the Water clock in 
terms of the swings'of a.pendulum. A disGussioh of water 
clocks and similar devices wilMay a .background for work 
with the familiar twelve-hour clock in later lessons. 



iMATERIALS 



— - for each group of 'three ~ ^ 
^mall. tray for the equipment ! - ' 

label for tray : ^ \ , I - 

tapered paper cup i\ 
4 straight pins . * ! 

1 2-ounce tall container with 3 inches of tape on aide- 
I 2-Ounce,short container half full of water 
sheets of newsprint t6 protect 'des*k& 

r- for ^each-group, or for the class — 



pendulum 



im, \l i 



nches long 
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- PREPARATION 



* -Before the lesson, .prepare a watet'clock for each group of 
children. Place four straight pins tthroughthe* side of the 
tapejeji white cup to ser^e^as supports. These pins should 
be placed aroun^l the cup about halfway up the side, and 
shoulc} project far ^nough-to rest on the rim of (he tair 
i2-ouTice container' Use a pin .to make a hole in fhe center 
of the. bottom o,f the white cup, -This hole should be large 

' enough to let tlxe water rurr through in a fin(.^"Gtream rather^ 
t))an iu^drop.s. Enlarge it caatiously with o sharp pencil 
poiQt, testing w-ith -^v^ter ^frequently to find the right size. 
(A-fter the f,irst time i?ou should get it right very quickly.) ^ 

Finally, paste & O-inch length of mqsking'tape down the 
lower part. pMhe tall I 2-ounce, container ^ The tape should 
- tbuGh'the bottbm. 



"In addition to this assembly, e^ch group will need another . 
container from whi'ch to pour water. This' is specified; in the 
materials .as the short I 2-ounce container. < 
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AQtivity A- • . \ v 



Distribute the- equipment to the groups of children, ^f^''^-^-. 
ha the papeAcup , the transparent container and the • 

' water c^^^^^^^^^^^^ 

' Let the groups expAment with the materials, then ask.. ^ 

WHAt DO-YOU NoVlGE ABOTJ,T'THIS SYSTEK4?. .(Water*- ' 
runs from the cup t6 the container..) • ^ 

' wltrh for the disco veryythat the amount of water in the. ■ ■ 

7ower contafn.r\n^ ^'"^"/^^ tfbTusTd" " 

' one can think of a- way t,Jat the water syst em comd be used.. 
?6r comparing the duratioA of two^ activatiJs , such as print- 
ing thrdayl the week^,(Wednesaay) and jprinting. the cal^n- 
•[ dar date (March- 1 2, 1-969).^ ■ • . ' 

Guide the children to suggeWthJt at the|word "staft" for ' 
each aftivuy they could pouV water into'the cuP and. then 
wl^nX acuvity'i. c6mplet^^. record the a^^^^^ ^ 

■tha.t has run into the container by "^^'^-^^'^^ .^^^^mn^v a? ' 
these activities the lower container sho.uld be feiDpty at 

■ while tli'e third writes,. ^ ■ ' •* • ■• ". 

^uMj 1 o=.„c "'Qtart*' as he pours water into the top 6f the 

• ^ water ilp/k S 2 LmeLtely 'J.egir.s to write "^^^^^^ 

Iv " 6hild 3 is ready tp mark the, water level on the tape 
len ^hild 2 s^ys he has finished Writing. Then both sec- . 
UoS of he cS are emptied into the short container and 
" tWorocedure is repeated while Child 2 writes "Ma ch 12.- .. 

• , 9^9 ° The tvJo marks on the tape show, how much longer it 
took *to write the date than the day, or vice versa. 

Activity B • ■ - " . . • 4. 

havOTience wUh the pendulum, use your own 



judgment Bbgut whether to prb^ide one for each group, or 
for two groups, or for the^entire class. Even if only one 
pendulum' is used for all, callbfatipV^^wi'll varyj.from group 
'to group' because water .will run through at different rates in 
t-he different clocks and because :human factors. 



'.V 



Distribute the equipment. The .tap.e'xused in Activity A should 
be replaced, ksk the childrer^ what. might ijiake the- water - 
^ clock more useful for measurir|g durations. ' After^ discussion, 
if no One has mentioned it, call attention to a pendulum. 



WHAT GOULD WE DO TO THE \AfATER CLOCK SO THAT IT 
WOULD SHOW THE DURATION OF TElN A TWENTY OR ' 
THIRTY SWINGS OF THE-£.E-jtoWTM?^ 



If th.ey do not think of/calibratii^g^the water 
them of how they calibrated, a spring scale in Unit 16', using 
paper cups as weight units. Ask\whether something similar 
could be done to.the vvat^r dlock. ^ 




To calibrate the water clock, have each group of children 
mark the Water levels , while one child (for the class or for ^ 
eaqh, group) counts t;hg- swings ^f;a twelve-:ihch pendulum* 
TJte counter will hold the pendulum bob about six inches 
from rest position and say, "Ready, Set, Go." He will re- 
lease the bob. at the word "Go J" He will- say "One" tHe . 
fijst time the bob returns to the starting point, "Two" the 
second time, and so on. Hav^ th^g^^tire c4as's^{^^<rtice 
coilnting the pendulum together; before beginning to ca^Jibra.te 
the water clock. 




One full s^^^ing of the pendulum means that the, 
bob goes from A to B ahtf/oack again to A. . 
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After this practice^ have the counter for each group start-his 
count. At "Go" one of the group pours the water into the- 
uppercup. At cojunts LO^ 20,. 30, etc., another member of 
the group put^-a ^ark on xhe container to show the level of ' 
"the water, f . - ' ■ 



The children should decide,, 
what to call each unit of water 
— "one drip , " "one ^rnark , " or 
whatever jthey consider appro^ 
'priate* 'liet them use their 
water clocks to meas-ure the 
durations of various activities 
that eaon group chooses. 
.Jhey-mVy- wish-to compare the 
duration o'f different activities 
.or they/ may wisK to compare 
durations of the same activity 
done py different children. 

Have/ the children in each group 
leave the maid<s on* ihh clocks 
and /label the trays so that they 
can/use the same equipment in 
Le^^son 9. . 



ActJVity b 



2 "drips 
I "drip" 




WHY DO WE CALL THIS SYSTEM A WATER CLOCK? 
(Because we can use it to measure the duration of 
activities.) ' ' ' 

I 

WHAT ARE ^ME OTHER THINGS THAT ACT AS "CLOCKS? 
(The 'pendulum, the wall clock, watches, egg timer with 
san<j|.') ' . ' \ ' 



Mto'THINGS CAN BE USED AS. CLOCKS.. 'flAS ANYONE 
EVER S&mJV SPECIAL CLOCK THAT WORKS (DNLY IN SM- 
S/HINE? (A sundial.) TELL IJS ABOUT IT . ^ 



the children that long ago, before there were watches 
wall clocks that could be wound up or run by^ electricity 



people, had water clpcks and used them to tell the tipi^ of 
day. If children/had to measure, thfejr activities by a water 
clock today, they would hav> to start to school, go home 
to lunch, etc. , When the water in the clock was at certain 
marks. 

If you wish, show the children the pictures of the clocks on 
the opposite page and discuss with them sbme of these his- 
torical ways of measuring duration,^ . , . " 
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Lesson 9: DURATION AND HEIGHT IN .A COLOR EX?i^Ii ;;;iii? 

] ~ ^ ^ ' ^ 

In this lesson the children use the calibrated water clocks to 
time an -experiment in^hich three strips of blotting paper are 
suspended over a bubbling colored so^lution. The children ^ 
see a correspondence between the height to which the bubble 

- n^io>? > ' n'^" '"^ ^^"^'^ °^ "'"^•the blotter was ex- 
posed to It. By arranging the saturated blotter strips in order 
according to the height of,the colored mark on each strip the 
children are led to a very elementary plotting of the relation 

MATERIALS . . 

— one-half cup water 

— ! tablespoon food coloring ' • 

• ~ l°tu ^"^^^^^ °^ other commercial liquid for blowing" 
bubbles - enough to reach the l-cm,mark in scaled 
cylinder 

— medicine dropper ' / 

'■ V for each group of three — 

^, , tray ■ ' . . , _ 

— water clock and separate container with three-fourths 
cup of clear "wafef ' 

— 3 strips of blotting paper ( I cm x" 1 0 cm) 

— 3 jumbo (.2") paper clips 

o- ohe-half tablet of Alka-Seltzer of the typ/sold in 
- - aluminum foil packet, souffle cup 

— sheet of paper, pencil, i^ier 
. cylinder with centimeter ta^^ attached 

— paper towel 



PREPARATION 



Mix the food coloring and S5ap Bub\le liquid with one-half cup 
o water and set this" solution^asidj for later distribution Cut 
strips of blotting paper. Place each half-tablet of Alka-Seltzer 
n a souffle cup. On the Water clock trays .from the. previous 
lesson assemble all the items specified above for each group 
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PROCE.DURE ^ ^ ' . . > 

Have the children in each group of three take the same tray 
they used in Lesson 8. EKplain that the water clocks are 
going to be used to time an expeijimeht where str;Lps of blot- 
ting paper \re suspended over a ^bubbling solution for differ- 
^ ent .derations , but' that first you want therri to .practice the 
procedure without the solution. Then ask orte member of 
each^group to draw a straight line across, and near the bot- 
tom of, the plain piece of paper you have provided. Tell th 
< children that in the real run each blotter will be placed with 
the wet end on this line for comparison. 



Before starting the trial run, let the children speculate a, 
little about what they think will happen to" the blotters 
each remains suspended for a different duration. 

Give instructions for the tria^l^run, as follows: 
Child I ■ ■ 

-.••Child I of each group runs the water clock. He says "Go"* 
when he starts pouring the water into thevempty water clock. 
He says "Now"* each time the water reaches, a drip mark. 





Child 2 

Child 2 prepares blotting strips 
by putting a jumbo clip on each 
strip (see diagram). He mea- 
sures to see that all the clips 
are placed uniformly, one half- 
inch from the end of the strip; 
He places the three strips in 
the cylinder in $uch a way that 
the clips rest on the rim. (Ex- 
plain that in the real run the 
bottoms of the' Strips should 
not touch the colored water 
that will fill the cylinder to 
the l- cm mark.) . ' 

Child 3 




Child 3 prepares the half-tablet , Child 2 

of Alka-Seltzer'by breaking it: 
into-s'mall bits in the souffle 
cup. He may have to use the 
flat end of a ball point pen or 
unsharpened pencil to do this. 
He must be sure to keep the > 
substance dry until it is used. ^ 
When Child* I says "Ga/^ 
Child 3 pretends to empty the 
bits from the souffle cup into 
the cylinder, Warn him not .to 
do so. until the real run. (If a 
Child 3 actually empties the-, 
bits into the cylinder, be sure 
^11 of it is returned to the souffle cup and the "cylinder is 
wiped clean, so that the reaction wijl not begin when the 
liquid is added.) At each "Now" he removes one of the 
strips of blotting paper and hands it to Chi'ld 2, who places 
it on the sheet of paper with one end on the- line. Child 
2 puts the first strip at the left, the second to the right of 
the first, and the third to the right of the second.. Explain 
that in the real run, each strip will be .partly wet and^that 
it is the wet end which will be placed on the line. 




Child 3 



When the technique is familiar,' put eftpugh of the dye solu- 
tion into each group's cylinder to comi up to about the l-cm 
mark, and ha^e the groups each make a real run. The. proce- 
dure, is exactly tRe same as for the trial run, except that 
now there will be dye and Alka-Seltzer Ised , and. Child 2 




must remember to put the wet end of each strip at the line 
on the sheet of paper. , . 1 

■ . \ , 

Let the children discuss anything tjiey observe, but if any 
notice that there is a relation^between the numberlof "drips" 
of the water clock and the height of the color on the strips, 
have them tell the class about it. If necess,ary, c\u atten- 
tion to the .relation wjth a question: / • 1 

WHY WAS THE COLOR ON SOME STRIPS HIGHER iHAN ' 
ON OTHER STRIPS? (The longer the s'trip .was in llhe 
cylinder, the higher the bubbles rose.) \ 
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Activity E " ' ' \ * * j / 

Hold a discussion about the water clacks: 

WHY DOESN'T EVERYONE USE WATER CLOCKS? (They have 
to be refilled regularly; they are messy; they don't tell time 
very accurately.) • \ ' . . ■ 

could' I CARRY-^A WATER CLOCK ON MY WRIST? 

■ COULD WE EASILY MEASURE THE LENGTH OF A SCHOOL' 
' DAY WITH ^ WATER CLOCK? 

IF YOU TOLD yOUR MOTHER THAT WE STARTED OUR ART ' 
WORK. AT THIRTY--FIVE "DRIPS" TODAY, WOULD SHE KNOW 
WHAT YOU MEANT? 



IF. YOU SAID THAT IT STARTED AT TEN O'CLOCK WOULD 
SHE UNDERSTAND? 




Does a water clock make a good wristwatch? 



Lesso n 10: TWELVE-HOUR CLOCKS SEOONDS. .MINUTES 

■ This lesson and Lesson -I I review and extend earlier work" 
, with the familiar twelve-hour -clock.. The treatment is simi- 
lar to that begun in Lessons 29 , oO , and ^.l- of Unit I 2 
' ^.^Unn^mpnt-^ith-Refer-enceJLfolts . Mgtw of, your students 
may be cible to tell time, and the ^est should beginlo develop^ 
' this skill We also want the children to develop an under- • 

standiK'g that each clook reading indicates a duration since ^ 
• twelve\ (noon- or midnight) r The children will be given prac- 
tice in Measuring- and recording these durations . 

MATERIALS 

— wall or kitchen qlbck with second hand 

_ demonstration clock face (to be borrowed from first grade 
kit) . ■ ■ ' 

tape . O ' 

white tagboard clock faces provided with the printed • 
^ materials for this unit , I per child 

— scissors • ^ 

— I brass- faste\er per child, 

— paper clips - 

time lines, "provided with printed materials . 

'— newsprint 
PREPARATION , 

Befoce you teach this lesson, 
tape your demonstration o^ock 
face to the chalkboard. Where 
all the children can see"'it, and 
tape the hgrids together. 'Put 
numerals aroUnd it showing 
■ seconds and minutqs , as in 
this, diagram. 
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(Note that there are bo h a zero and a sixtj^ above the 
twelve.) Paste a zero above the twelve of .t|ie wall clock 
also. " • . ' 



PROCEDURE 



Activity A 
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Give the children each a tag board clock face to' cu\ out and 
•assemble. Show them how to put the brass fas tenerv through 
the dot at the end of the long hand, then through- theNdpt on 
the short hand, and finally through the dot at the center of 
the clock face. Check to see that the children spread\the 
brass fasteners apart at the back ^f the clock face" to secure 
the hands. Next ask each child to 'cover the short hand with 
the long hand and fasten the two together with a paper clii 
Explain that you Want this done so that the children can 
study one hand of the clock, at a time'. 

Now call attention to the wall clocks and ask the children to 
watch the movement of the hand that is traveling around the 
clock most rapidly. ^ ' ^ . ' 

DOES' THE HAND THAT MOVES MOST QUICKLY TRAVEL 
CONTINUOUSLY OR IK JERKS?^ (It moves continuously.)' 

DOES ANYONE KNOW THE NAME OF THIS f AST- MQVING 
HAND? (It is called the second hand J WHY IS IT 
CALLED THAT? (Because it measures the number of 
•seconds.) . ^ ' \ ^ - . • ^ . 

WHAT DOES THE POSITION OF THE SECOND HAND TELL 
US? (It tells us the duration in seconds since it pointed 
straight up to twelve*) 

THE HAND POINT^ TO TWELVE, BUT WE ALWAYS START ' 
COUNTING AT ZERO. THAT IS WHY I HAVE PUT ^A ZERO 
ABOVE THE TWELVE OF THE DEMONSTRATION CLOCK 
AND OF THE WALL CLOCK. LET U^ AGREE TO .TALK 
ABOUT- ALL DURATIONS EXTENDING FROM ZERO. ' 

*' » . . 

Tell the children to consider th^ cUpped-tog^ther hands .on . 
their clocfk faces as one hand, the second hand.- Have them^ 
takfe tarns settin^g the hand on the demonstration clo6k face 



/ 



at different 
set the handjs 
positions^^ 
pointed to 



and 



\ 



>=°'"'^°^°'""- K, 'practice With the demon- 

stration olok, on -«fhioh you hav ^^^^ second hand 

hours . 



nourb . , Ik 

„e.p the o Ud.en ^^X^fV^^^^^ 
faces show the aeoonds >n fives^ ^^^^ ^^^^ ^^^^ 

With the nt^^^^^l'J^eai se/4l« of their clock faces, 
demohstrat-on clock tore j , 

Workina in pairs, have one^^^Uset^h^^^^^^^^^^^ 
certain du|tlons . 7^.^^^ - ' , 

(25 seconds, etc..;, >-'.|'= , » ■ 

'■ / ■ =iu7 aq seems advisat)le to. 

activity dccasipnally as seem^ . 
Return to, t lis acuyi«:y, . 



you. 

Activity B 



Direct the 
wall clock 



/ 



chUdren's attention io the; minute hand Of the ' 

U clock. - , . ' ' • . • 7 

WHAT L THE POSITIONS OF THE Bl6 HAND TEU US . , 

at^m^lsW-3paee.-.ona^^^^^^^^ 

^ ..nP. THE SECOND HAND MOyE IKONE M^^^ 
. HOW FAR DOES- THE SECO^ _ ^^N^^^s .) ; • 

• UTE^ (It moves all tne way ^ . 

HaveavoLeersetthrhar^^^^^^^^^^^^^^ 

rcl^sP: r--[^rthe ha:.s of the small clpck 

faces 

MINUTE. HANDWiAS AT ZERO. U _ ^ 
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Have the children set the clock face to other duratibns since 
zero. •Compare these with the setting of the demonstration) 
• clock jEace* Have the children hold up their clock faces so 
that you can check them quickly. Qccasionaily, from day' 
to day, ask the class to telLydu th'e duration- since twelve ^ 

in minutes --r the time in minutes. ' * , . 

I 

Activity C ' ' ■ • . ' ' i 

Have the chilcire^n -carefully cutout ^the 'time lines provided 
with the unit. ! ^ ' 

I' ^' , . Tim.e Linfes. • - ■ • " 
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. Have each child make a loop of one ^ 

• time line with the .numbers on the in- 
' side, by bringing th^ right ef?b just 

• to the zero-mSff: aj:id fastening it'with 
a paper clip. Havo'^ach chrld *set . 
the loop on his small clocJc face and 
arrange it so^that the. twelve- mark is 
above that line on the clock face/ 
Call the children's attention to t'He 
other num^rSl^ ^ Ask the childrert 
wh^t they; notice about ^the' numferals^and lines.. They should 
see that the heavy marks* and numerals pn the clock face'are 
just below the same markings on. the time line^ 
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, Now a'^s'k each phi Id to unfasten his 
time linb and clip the* zero end to v 

^^tht< le'ft side of*a sheet of .newsprint. 
Set tl)e demonstfation'clock (single 
hand) to fi^eeh minutes since zero. 
Ask the •children to set the'ir clock " 
* faces to- the saine position. 



1 




. W-HAT. DURATI(|)N DOES THIS ' 
; CLOCK SHOW SINCE ZERO . 
MINUJES — SINCE TWELV-E? 
••(Pdfte^n' minutes.) ' ' - " \ 

' HOJA/ CAN SHCjW THE -DXIRATIQ-N OF FIFTEEN lyilNUTES 
0?r)THE NEJ/V^JS^RIMT ABOVE-TH^ ^ . , 

Have the children putja mark at zero and at fifteen on the 
newsfxrint above the ti'me line. ' Then ask them to draw an . 
arrow, from zero .to fifteen. 
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Continue this exercise by having the children transfer various 
readings, in minutes, from the wall clock to the time lories 
with arrows . : - ' 

Save the time lines for Activity B of the' next lesson in wh'ich 
the children will clip them to fresh sheets of newsprint. 
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Lejssjon I 1: -TWELVE-HOUR CLOCK --- mNUTES, HOURS 



This lessoirextehds the association of time dijiratibyh since 
twelve (noon oy midnight) to telling time" in hours a/nd min- 
utes,^ As seerris appropriate to you later in the year, you can 
have 'theychildren extend the time line to include weeks , 
months and years with'worksheets similar to Woricsheets I 1 
and 12, which are modeled on Worksheet 36 of Unit 12, 



ERIALS 



Acti 



wall or kitchen clock with second hand' 
de^monstration clc/ck" face 
'^^studeht'clockl facc^as 

i / 

time lines provioed with unit, newsprinf 
.Worksheets 6^r2' 



rity A 

Sep,arate the hanHs of the clock faces and have. the minute 
hands remain-at twelve (zero .minutes) th/bughout this activity, 



Call the childretfi 
clocks ^Tobablv 
with its Indiccitibn 



's. attention to the short hand bf the wall 
many in the class will/already be familiar 
bf the hours. 



1. ■ 



WHAT DOES TJHE POSITION OF THE/SHQRT HAND ON THE 
WAUL CLOCK TELL US? (The duration iriv hours since' . 
twelve — sinqe noon or .midnight j/ \ 

HOW EAR DOES^ THE -HOUR HAND M.OVE WI^sILE THE 
KINUTE HAND GOES AROUND ONjCE? (One'large ' 
space-— from on\e to two, etc.) 

HGV\^ FAR DOES THE MINUTE HAto MOVE^IN ONE HOUR? 
(It moves all the w^y 'around sixty^mi-nutesj 



)evelopj the use of the\time line ailld clock' faces for repre- 
senting durations in howrs since twelve (noon or midnight)-— 
\s you did for minutes ih Lesson l/o, but now have the hour 
^^uratioh line drawn beloV the timi lines. Point out that a 
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duratibn pf four hours since noon means 4 o'clock (4:00) in 
the aftefrioon; ten hours since midnight is 10 o'clock (10:00) 
in the morning.. 



0 



Morning, hours are A.M. (ante meridiem — before nbbn) . 
Afternoon hours are P.M. (post meridiem ~ after noon) 
Worksheets 6 through 9 are appropriate here* 



VorluhMt 6 

Unit t9 
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Worksheet 7 
Untt 19 
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Worksheet S 
Vn\t 19 



Nawe_ 



5>i ^1 






Worksheet 9 
Unit 19 



Name_ 



It 

O O 





Activity B 



For this activity see that each 'child 
has a student clock face and a time 
line clipped on a new sheiet of news- 
print, '^sk the children to show each 
duration, as you give it, on the 
cloclc- fac.es and then, on the time 
lines . The durations you name 
should include both.hours and - 
minutes. Fpr example: : 




SET YOUR CLOCK* FACES AT 
3:25. NOW, WITH AN ARROW 
BELOW THE TIME LINE, SHOW A 
THE DURATION IN HOURS 
SINCE TWELVE. NEXT, WITH 
AN ARROW ABOVE THE TIME 
LINE SHOW THE DURATION IN 
MINUTES. 




^10 il 



3 hrs and 25 min^ 
3:25 o'clock 



Uitt !• • 



Have the children hold up the clock faces after they set them 
for each duration, so that you .can check before they draw^the 
arrows* Give as much practice as you think necessary* 

Activity C. 

Have each child turn to Worksheet 10 witlTtwo clqck. faces 
on it* Have the children cut out the clock faces along the * 
' dotted circles. Ask them to fold one clock face into:two 
equal parts by folding, along the dotted line through the 
' twelve and the six* Then arsk 
them to open the folded clock 
face and color each half ofat*" 
'Have the children fold the • 
second clock face in the same 
'way, and then in half again, 
this tim,e along the* dotted line 
joining the, three and the nine; 
Ask them to mak^ each quarter- 
of the clock a different color. 
' Discuss half and quarter hours 
* In relation to the colored 
halves and quarters* 

The children should also mark 
off their time lines in half 
and quarter hours* For in- 
stance, they could draw a 
line of the- appropriate o<^^lor 
for th,e first quarter hour be- 
tween zero and fifteen above 
the number, line and color a 

^ line from zero to thirty below 
« the line to indicate the first 

V, - >-. half hour, etc* 




Follow the procedure where the class uses the demonstration 
clock ana their individual clocks, but this time have them 
set the^hands to correspond to half and quarter hours* Di- 
rect the children to look at a real clock .when the hands show^ 
a quarter after and a quarter before an hour* In particular, 
haye them notice the hoi^r hand and ask them to observe its 
position when the time is a quarter after or Half past an 
'hour, etc* " * * . ' 



4 




Worksheets I i and 12 canhe used to extend the idea of the 
time -line to days, weeks, months and years. You may pre- 
fer to save them for use later in the year. 





OTHER FUNCTfONAL RELATIONS' 



PURPOSE 



— To lead the children lo observe some simple functional 
relations -and to record them> in various ways. 

— To have the children discover that there is a. relation be- 
tween the changes^in one property and the changes in 
another. 

— Tp have. the children learn to record data in simple -graphs . 

COMMENTARY , ' 

Equal emphasis should be given to the points listed above* , 
The , development of skills in observing and recording func- 
tional relations will be continued and extended in Secti6n^^4^ . 
and 5-. The children will usually require experience with i; 
variety of changing conditions and the graphs that record tiiem 
before they learn to recognize simple functional relations. ' 
Therefore, do not feel that the children mus^ have mastery of . 
the skills and problems presented in this section before they 
can go on to work in Sections 4 and^ fruitfully. 



Lesson 12.: PREDICTING- CANDO LENGTH 



In this Wesson the children will observe five candles that 
have all been lit at the sanie time and then extinguished at 
ten-minute intervals, so that one candle will have burned for- 
.ten minutes,, one for twenty minutes , one for thirty rrfinutes,, 
etc. One of the candles, will be hidden from view, and the 
children will be asked to predict its le^ngth. The prediction 
will be based on the observations of the lengthy of the other 
candles . ^ . ^ • 

Start this lesson at a time when yo^r class will be able to 
return to it intermittently during a full. hour.. 



MATERIALS 



— 6 candles (thin tapers)^ cut off at. the' bottom sD that each 
is 10" tail • ' , . 

— Plasticene or clay • ■ ^ , 
cardboard', l'?-" x 24*' .... 

— matches * ^' 

— wall clock 

— kitchen timer 

— 5„student clock faces ~ . , * 

— X I 0" paper strips, 6 per child (-5 strips qf white, 
and I '.of anothe/ color) 



PREPARATION 



Set each.candleiirmly *ip. a lump of elay or .Plasticene. Pre- 
pare a shield bet*hind Which one candle can be hidden. Use 
a piece ,of stiffcardbda^d about 17" x 24". Fold it in half 
,and brax:e it with a piece of tape. . \ , 



\ 



1 ■ 



Place- six candies in a row, about one foot apart ^^so that 
when you blow one out the'candle next to it will no\he af- 
fected. Set the candles up where there is no draft sovthat 
they will burn, uniformly; If possible*, set them in frdni.of 
a chalkboard. ' ■ , . . ' 



^ ; \ 
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Explain the purpose of^the lesson. ' Tell the chilflrep that\you 
are going to light five candLe« and th3n blow one Out after it 
has .burned for a duration of ten minutes , .one after twenty 
minutes, one after thirty minutes, one.after forty minutes and 
one after fifty minutes . One dandle will not hav.e been burned 
^t all. the children wiLl be able to see all. the candles ex- 
cept one- mystery candle that will be hidden behind the shield. 
After looking at all the other burned candles, they ate to. pre- 
dict how high thejaifstery- candle is. 

Label each candle to show how long it will burn-. You may 
write on the chalkboard ab6ve each candle, or place a card 
at the ba.se of each. . ■ o 

Now assign five children to watch the clock, Tell them at 
what time you will light the candles , and make sure the chil- 
dren know haw to t^U when ten, tw^enty , thirty ,. forty and , 
fifty mirfutes will have elapsed/ Give each a. clock face on 
^ which he can set his assigned time. Then they ,can watch 
' to see when the wall clock reading matches their clock set- 
tings. (Set your kitchen .timer for "about nine minutes each^ 
time, tb serve as. a reminder to the clock-watchers 0 

Light all the candles but the one at t,he extreme*left. Work 
as quigkly as you can so that the first candles ^do not burn 
down too much before the last ones have been lit. Place the 
shield so that it hiyes'the thirty-minute candle. (Make sure 
this candle is at least four inches away from the cardboard.) 
Now set your timer for nine minutes., and turn to other work 
during the intervals for th^next hour. Blovsf avcandle out 
every ten minutes. Be sure to keep the thirty-minute candle 
hidden at alftimes. When, all the candles have been extin- 
guished, their heights, should range from' the ten-^inch height 
of the -unlit candle at the left down to about a three-inc'^r 
height for the candle at the ex1»eme right. If the candles 
have all burned at a steady rate,' there should be about the 
same decrease in height between them. Even if they have" 
not burned at -the same rate, there should be an obvious de-' 
crease in height between each two candlea. 



> . . . • - ' ■• ■ r ■ 

Now remind, the children that tliey; are to try to estimate how 
tall the hidden candle is. Ask for suggestions about how this 
should be done. Then tell the children they are going to use 
■paper strips to ma-ke their predictions: " . ■ 

THERE ARE NOT ENOUGH CANDLES FOR. EVERYONE TO 
HAVE A SET-, SO I AM GOING TO MAKE TAPER SANDLES . 
FOR YOUITO WORK WITH. EACH OF YOU WILL GET 
FIVE STRIPS.OF WHITE PAPER CUT TO THE HEIGHTS OF 
' THE FIVE CANDLES YOU CAN SEE , AND ONE STRIP OF 
colored! PAPER THAT'YOU CANlvTATlK OR CUT TO SHOW 
ydW TALi YOU THINK THE MYSTERY CANDLE IS . • 

Cut and'^distribute the strips, and have the childt'en arrange 
th^m^^in orderi with the tallest at -the left and the shortest at 

,the right. Aslc them to use the^colored strip'to estimate the 
height of the ihystery candle- by ntarking or cutting it. If this 
seems diffi-cult, s\iggest to the childr.en that they put numerals 
on eac|}t(^ the five strips to show Jiow long the candle each 
represents has burned (10, 20, 40, and -50). After that, the ♦ 
children should be ^ble to see that if they put the colored 
strip between the strips'that are marked 20 and 40, ^^'it would 

' be helpfulMrf judging Qbout how tall the thirty-minute candle 
is , i)ut do not tell them to do this . • ^ • 

"After all the estimates^ have^been ma3e,. remove the shield 
from the 'mystery candle and Tet^the^ children make a direct . 

Acompafison betwe.en it and their estimates.* If some children 
raade very close predictions, ask them io explain to the rest 
of the 'class how they did it. " * . ^ , 

Ugdrig chalk, or a paper strip, cut td the length of each 
burned candle, make a bar graph on the board. 
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Lesson 13: TREE RlkcS 



In this lesson the 'children use 13 /which depicts 

the cross section' of a treS, to compare former widths of the 
"tree with the age of jthe tree at different ti^mes. | They measure 
the radii at vanous ^es and show the relation between the 
age of tlje tree and tjhe radius on a grid (Worksheet 14) . 



— ^Worksheets 13, l'^ , and 15 

— ticker tape ^ 
scissors . I " \ 

^ • — cellophane tape o|r paste 

— centimeter rulers 

PROCEDURE 



\ ■ 



I 



Have tVie children tu^n to' Workshe'e^^ArS . Explain ,thaLthiG- 1-s— 
the picture of a cross section of a tree — what you would see 
if a tree were put across its width. Ask the children if any 
know, or can guesis-,- what the tree rings indicate.' If neces- 
sary, explain that each wide ring represents the growth qf the 
tree during* the spring and that ;the narrow, (darker^ rings' sfiow 
thfe growth in the ajummer. Ha^e the children speeu-late'-about- 
which rings grew first Snd"give their reasons for thinking so. 



Now ask the children to find the fifth dark ring, from the ceaCfir 
of the picture. / . ' 

■ , 1 , ■ / ■ 

HOW OLD WAS THE TREE WhEN .THAT RING WAS FORMED?' 
(It was five years old.) 1 " ' : 

HOW LARGE WAS THE'TRUNK OF THE TREE TJIEnV 
(It was th? size of that' ring;) ' ' - 

; HOW CAN WE MEASURE'TjHAT.SIZE? (By measuring across 
^ the' ring.) " '. . ' 

- . * .' ' , 

.THAT WOULD BE THE .DIAMETER OF THE RING, BUT IT ' 
WILL BE EASIER IF WE MEASURE FROM THE CENTER. 
WE CALL THAT DiSTANCI THE RADIUS OF THE RINt^. 



. -SO ' 
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Worksheet 13 
Unit 19 



Name 




58 



ERIC 



Each arrow indica|:es a radial line of the cross section ,of the 
tree from first ^rbwth until it w3« cut down. The chjilc|iren*^ 
will be measuring the length of rays for lesser durations als6, 
Each^ch^ld will draw his own ray from the center'of the cross 
section to the duter edg;e, and will make all his measurements 
'along the same radial line, ' / • 

•* /"N « * ' / 




10 



15 20 15 • 30 
AfK OK TUKKHlii rinits 



35 -to- 
years) " 



45 , 50 



'Ask- the children to look 
^ at Worksheet 1.4. . Ex-; 
* pla^in .to thdm that they • 
are-to measure in centi-^» 
meters the radius for r 
each five years.' growth 

cut ticker tape to each . 
length and paste it on 
Worksh'eet 14, Have 
them start by drawing a 
radial line W^here the ^ ^ 
tree rings are farjtljiest 
apant. Remind thdir^ that 
'they have to count, the 
dark rings along t^his 
line to find the correct 
number of ydars • Give 



them a little practice in .recording the first few measurements 
hy writing them oh fhe chalkbo^rd\ e ^. , ' ' ' 1' * 



cm 



Radiu'^ of tree at 5 years.- I' 
Radius of tree at 10 years =|2t-cm 
^Radius of tree at 15 years^|.3 g»C4Tii^- . , 



After this practice , ^k the ch^l'Sr^" to complete the wprk- ^ 
sheet. Remind thein to write dovyn each measurement in * 
.-centimeters so they will know how long to cut each tape. 



.V 



When the ticker tape 
graphs are finished, ^ 
^you may wish to have 
the children try to* 
plot the clata on Work- 
sheet J 5 (Stage 4 in 
the^ development of 
graphing as described 
oa page 2 of this man-- 
>ual) , or you may make 
this a class activity,, 
using one.chiid's'.data . 
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,NOTE: Tr^e ringr. are vory Xiseful research tools for scientists. Th^ir shape, 
size and pattern reflect past copditions in the life of the tree which] m^y cover 
hundred's b'r even thousands of yea'rs. Geologists; and anthropologists examine 
and .compare the cross sections of many trees and timbers ".in an ate a to dis- 
^covei the histofy of the ckmate, the age of buildings and dates of forest fires 
■ordrought5\ - '^^ . ; • - , 

If possible §et a small lag or branch, or even woo.d blocks or pieces of two- 
by-fours for the children to examine. Their understanding of tree rfngs will 
be increased when they see that they are, three-dimensional. (The^^ extend 
for long, distances and are added to form a layer neat the bark s.o that older 
p^^rts of a tree have more rings thdn younger parts..) , You can demonstrate 
this by putting a. large cylinder around one of slightlv smaller^ circumference, 
•and s,urrounding both with another slightly larger, etc.) 1 

Some children may w:*nt. to know abc/ut the distortions in the tree rin^s shown 
on their workSh^Qts. LncouragB the children tp find their own'answers first. 
Then, if .you wish, provide this^ explanation concerning the cross section on 
the worksheet. The. drawing representr ^ cross section of a loljloUy'iPine 
about fifty years old. This tree has survx several disasters., Sorhething-' 
pushed against it in its early years. The tree responded by growing denser 
(heavier) wood on the pushed side. This resulted in the formation of. rings 
that ar'e.more oval thansround during that period. Late^^ whateyer ws^S, leaning 
•Oh the- tree (perhaps another tree) was removed but^hen there was a forest ^ 
fire. The fire ^'caired the tree but did not kill it. It cqntinued to grow for a 
number of -y-ears. afterlhe fire. ^ "/ * 



For cin explanation of such distortions send to ,the Public Relations Department 
of St. Regis Paper Company,' L5U ESst 42nd Street, New York, New York l6'0"l7 
fo; the free booklet, . T-he Trees a ndrthe Forest . In this booklet you will find 

colored illustrations and t*he history 
of a tree very similar to that on the 
. w^orksheet.' 

Have. the children discuss why the 
tree gtew more during some years ^ 
than .during others. How old was the 
tr^e when the fire happened? ^How 
ma'qy years did it ^row after that? 
Show them this picture of the cross 
section of another loblolly pine that 
grew under nearly ideal circumstances 
It apparently Jiad. the advantages of 
^..appropriate climate and soil, normal 
rainfall and suns)iine and no injuries 
from fire, termites ,.*etc. - v 




Pho'wOyraph from £ndeavQur by-W< S.I; Glock and S. R. Ager»--r 



^^sgn 14: {^ELATION BETWEEN DIAMETi^R A^D CIRGUMFEREMGE 



. f. 



In Lessbh 4 of Unit 16., the children hacuthe opportunity to 
discover that the length of the circ;umfer^ce of a circle 
is abouG "three times the length of Its diameter. In this les- 
son the concept Is reviewed, reinfbrced aild' extended. The 
children \measure and graph .the cirpumfereoWs and^diaineters 
of several cylindrical objects of different siWs. The objec- 
tive is to\give the children'experience in plotting data in 
which both variables (from object jo object) aVe distances , 
and to lead them to see that the relation betW^n circumfer- 
ence and diameter is shpwh>quite .pimply whenAche data is - 
graphed — j^U the data points fall on a nearly Atraighf line. 
This extension of stag^ one in thef development of graphing 
em'phasi^esj the fact that a data pdint is determnVed by meas- 

.urinathe appropriate distances afong the two ax^s. It also 
iatroduces the idea that a time diirdtLpn need 'not be one of 

-irhe-yBrraWe, , In a relation such! as this, cime islnot of -any 
importance — the relation betweibji the length of the circum- 
ference and the length of*the dia/meter remains conlftant, 
whether they are measured tgday^ or next year, 

. By having Ithe thildren-work. in s^mall groups^r you caL reduce 
the amount of, equipment and ha|e children available! ta help 
others who^^are having'trqubJe cjjtting the paper stripk. 

In addition to the graph made by each child, you .maylwish to 
have the class make a large grabh on the- flanneV board or 
bulletin board. The children^ ma[y be astonished to finld that 
the relation between circumference and diameter, is thi same 
for large objects as for small o^ies,- - " ' 



MATERIAI.S 

0^ 



- 1^ can, waste basket, or otlier large cylindrical objdct' 



/ 

— I ruler or yardstick 

J * vr for each child — 
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— Worksheet 16 * 

— for eacJgroup of four ~ 
— ; ticker txjpe (one-half inc^rwide) 
- - p^ste . 



— scissors" . * 

— variety of qylindrical objects — - .large and small cylindrical 
property. blacks ; plastic containers of various sizes, etc*. 

PROCEDURE. ' 

Show the class Bilarge cylindrical objec?t such as a large caa * 
- or- waste basket. A 

.WHAT SHAPE IS THIS? (Round, circular, cylindricaL) 

. WHA'r IS THE SHAPE OF THIS OPEN END? (Round, circu- 
, - .lar.) ■ .. ' " ' .- ■ ■ ' ■ ". 

. Stretch' a length of ticker tape across the diameter of the- 
object. 

DOES ANYONE REMEMBER WHAT WE CALL THE LONGEST 
DISTANCE ACROSS A CIRCLE?, (A diameter.) 

0 

* * ' ' ' ., 

Use one end of your large corttainerjto draw a circle on the 
. . chalkboard. - With a ruler or yardstick, draw a diamete'r and 
• label it";, ; • ^. • 

CAN ANYONc'^DRAW ANOTHER DIAMETER. OF THIS CIRCLE? 
Have several children add diameters. 




WHO REMEMBERS THE NAME Pdk THE DISTANCE AROUND 
THE CIRCLE?' (Circumference,) 



V 



Tell the children that there are marty interesting thAs aboutX 



circles and that you are going to let them, try to disciVer on4 ^ 
of them; You aVe going to show them how\to staft ' ' 

\i / \ ;• 

Take a piece of paper tape and cut it to equk the diaferibf 
the large circular object you first used. ■ '\ p ~ 



What does this length represent? • (The l-ength of (he 
diameter of the can.) I'LL MARIc IT "E)IA METER. ,/ 

. ' , ' / 

By wrapping tape around the gan, measure and cut-anothfer- 
■ piece to represent the circumference... . ^3^!/ 



WHAT DOES THI> LENGTH REPREJJlN'girlThe len^X^ 
the circumference of the cir.c.lO I.'LL MARK IT^^^CUM- 
FERENCE.^ ^ ' ^ /. 

_Qn:!5Lsil§i^'?ard-4r-a^.W hor\2ontaI 



I AM G^NG TO PUT THE IMteER^^STRIP- AGROSS HERE 
pV% FROM THE "UP" AXIS. AND I WILtT.UT THE CIR-\' 

UP FROM THE ."OVER" AXIS T " 
AND MOVE-THEM UNTIL THEIR ENDS JU^T OVERLAP LIKE * 
THIS. , " ■ - ' ■ •- ■ 



diameter 




Have oii^ or tv^o childnj^.hold the tapes in place while you 
attach them. with bits^f masking tape. 

- -HOW DOES'T^'^ DIAMETER STRIP po? (StrM^ht across - 
from- the "up-*^ axis.) ' . ^ - . 



-.V 
. i 



UeW DOES THE CIRCUMFERENcVsTRIpio.? (Straighl ' 
up frarA the "over" axis;) ' ^' • • 
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HOW DO THE ENDS .OF THE STRIPS MEET? 
one jyst. covers th| end of ^the other.)'. 



jThe end of 




Tell th'e& children th'at they are going to measure the diameters 
and circumferences of 5ome cylinders and cut and paste 
stnips 'pflcorrespohding lengths on Worksheet 16. 



(After putting sevefal' sets of 
strips on Worksheet I 6 , the 
children should discover that 
the circumference ^f any cyl-* 
Ihder is about three times 
greater than its diameter,) 



ibistribute the_objects tpveach group. To make .sure that eajbh 
circumference is put with the d iamet e r fro mtfthe same object^ 
suggest thBt^they first jiuriiber the objects and then .the tapes 
♦ihat represent their mjeas^iirem^nts . ' / . 



\ 



WH^N YOU H/^,V_E 'SEVERAL S.EJS-OF STRIPS IN PLACE, 
WHAT DO YOU NOTIGE?>WmT -INTERESTING FACT 
DO YOU DISCOVER? , "^HEN-YOU KNOW THE INTER^ 
i.ES.TING FACT, COME AWD TELL ME QUIETLY. DO N'T 
-TOlrOI^HERSl ^ ■ 



• t^AN YOUTim OTHER CIRCULAR OBJECTS IN THE ROOM 
, THAT YOU CAN MEASURt-AND RECORD ON -YOUR WORK-- 
\SHEET TO CHECK YOUR'^IDEA'^^ .(If -you wish/give the 
.children soni'i^ pra'ctice^ in predicfihg a circumi'f ererice wfiSn 
^you' provide the diameter of an object, or vice versa. _ 
?Sonfie of the .mote able children may make use of the fact 
"/J tha'ti:hd'4h]^*ersectibns bf 'the pairs of strips fall on a 
straight lin^J 3 
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■ Les son I $ ; C HAN'GIMG WATER- LEVEL WITH- MARBLES \ ' ' 

This lesson leads the child to see that the wafer level' in a 
container is dii^ectly related tS the number -of marbtes put ■ 
.into it. The lesson is also intended to improve predicting ' . 
and graphing skills. . . ' ' ■ , 

^ m - 

• - " > * . * I 

/ ' . ' 

.The children add fodr marbles, one at a. time/ to a cylinder 
of water. They, predict the new water height before adding 
•each marble. After adding a> marble, they note the new water • 
height, re cord it on Worksheet 17, .and compare the -result ■ 
^ - -with the prediction; ■ "" , • .■ 

,Tn"^Actiyity A you demonstrate 'the procedure, starting with 
water up to the fifty-millimeter mark in a cylinder. Tn-Acti- 
; vity B, the children work in small groups to carry out the 
same, ejiperiment, but they fill .their cylinders with wiier up 
to the sixty-millimeter mark. " , '. ' 

* . • , « 

The children mhy notice that water distorts the shape and size 
of the marbles . Some may even notice that the water level -is 
highej- around the side of the cyjinder than it il^at thp' center 
All of these observations are worth-'thd'time it takes to specu-- 
late about them, if the children bripg them up. - ' 

MATERIALS . " • " ' ." . 



- roll of adhesive centimeter tape with millimeter di 



visions 



— ' water 



^^"^ demonstration — 

- your copy ofWorksheet 17, provided with the lesson 

- I tray of equipment prepared for a group (see below) 
--^ water # * 

~ for ^ach child . " * 

--^ Worksheet 17" ' " *^ ^ > - 

I red and ( blue crayon. ' - / 



83 



75 



. : .5 for each grou^N— 

-r tray 

-r- plastic cylinder with scaled.tape attached, as shown 
^ m the photograph on page 

r- .water ' * ^ 

— 'medicine dropper". 

^ craft stick or tp^igue depressor 

— paper towbl " " . ' - 

^REPARATION , * - 

Put a millrmeter scale on oac|i plastic cylinder. - Do this b.' 
cutting. a length of ten centimeters from your roll of scaled 
. ■ " adhesive tape Bnd pasting it. to the side of the cylinder, 

- ' with -the zero at.the bottom. Put all the items specified for 

. each group on a tray , except the water. (One member from ' 
each group can come to.a table and measure sixty milli- 
meters of the water into the group^s cylinder at fhe start of^ 

- Activity B.) ' •. ^ ' ' a ' " 

■ PROCEDURE , . 

- Activity A ^ ' . ; ■ . 

For this demonstration activity., mount a copy of Worksheet 
17 on -the chalkboard. Place it rather, low on the board so the 
children can see arid mark it easily. Use the equipment on 
■ one. of the trays you have pfepare.d for the children. 

Have the children ^ga^her around closely, so that all can see* 
Begin by showing an empty cylinder with the scale on, it. Ex- 
plain that each centimeter is divided into ten smaller parts' 
called millimeters.. Remind the'^children that since they are 
used to -counting by tens, all they need to do tocount the ' 
millimeters ife to count by tens. at every centimeter mark. For 
example, dt the one^centimeter mark, they would say "ten 
* millimeters, " at the two-^centimeterinark "twenty millimeters, 
and so on.. Throughout the lesson, express, every measurement 
in millimeter^^ yourself, but accept. the word "marks" from the 
children. ' . . • 
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Worksheet 17 
Uni-t.19 ^ 
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Now fill your cylinder with water to the SO~millimeter level. ■ 
Stop pouring a little short of the mark and- use the medicine 
dropper to get the water to just the right level . Explain that 
you are going to place four marbles-, one at a time, into" the 
water in the cylinder. Let the children look at the marbles 
and guess what will happea to the water level wheri you add 
the marbles » I * - 

Ask' a child to read the starting Level of the water in your cyl^ 
inder and td put a red crayo.n mark on your copy Qf Worksheet 
17 where he thinks it should be. Guide him,, if necessary, to 
put .the red mark beside the 50-milliyietef mark in colum-n 0. 

'Next, use a craft stick placed ii? ^ . . 

the cylinder to let the first marble 
roll gently into the water.. TelVthe 
children that this is the careful W^y 
each marble should be added, so 
that -the liquid will not splash out. 
Have another child give you the 
reading for the'new water level, ^ 
Ask the class to help the^child 
decide where the nev/ mark should 
go.* The children should decicie ' 
to put the new mark on the cylinder o 
marked I" (number of marbles) 
at whatever reading was taken. - 
T-his should be at or very near the 
sixty-millimeter mark. 



Before -sliding another marble into 
the water, ask the children to make ^ 
some predictions about how high 
the level will be wh^en this Second 
marble Is added. , Make a brief 
record of the predictions on the chalk- 
board (the child'§ initials and the 
numeral).. 




Pu^" the second marble in the cylinder and' have the reading 
and recording done.' Then let the children check their pre- 
dictibns'and m^ke new ones for the third marbled Continue 
this process of predicting, adding a marble', recording,, and 
checking with the predictions until all four marbles- have 
been added to your cylinder. 





Before, going .on ^to the next activity, give, the qhilflren some 
practic^^ in reading thes millimeter scale/ if you .think it neces- 
saj^\ Use an empty cylinder for this, ^having different chil-^ 
dren show ybu where the marks are that show (e.g.) mm, 
.77 mm, and so oh. . , ^ - ' 
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Activity B. 



plstribut(5 the tra.ys'of equipment to the groupi of childfen. 
Check to, see that each plastic cylinder has water in it to 
the sixty-millimeter leveL Tell the cbildren^that they are 
going to do the same experiment they helped you do, but • 
that there is something slightly different about it. See if 
they can t'ell you that they have more water than you had^. 
*'ten millimeters more:'* 



Ask the children to mark the water level at the start on Work- 
sheet 17 with red crayon at the left of the column labeled 
j "0 marbles", and then to m^ark with'blue cFayon a prediction ' 
for each of the other columns /.putting the blue marks to the 
right. Then h'Sve them complete the wprksheet-using red ^ 
crayon for actual readings. 



A discussion of the results will show that slight variat^ns 
exist from group to group. . You might ask the children why ' ^ 
this is so. They should be able to s^-ggest that the marble.s;. 
may v^ary slightly in size,. that measurements are never exact'! 
that water may have splashed from some cylinders, etc. . 



r 



Some children may have made excellent predictions,, becau,s.e 
they noticed that each marble made the v/ater rise about hine 
or teri millimeters. Ask a child who has had ynusu^lly acqur^ 
rate predictions to teli-the class^how he •made.tjfenv../ -'^ * 
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^Lesson 1^,-. SWELIIN(S AND SHRINKING SEEDS 



Althoygh this Ic^^Son extends over fo^r days, it requites very, 
littl^e'^ime eacH day< Pl^n to teach t^e lessons ;iri Section 4 
during .the remainde'r of the two MINMEMAST periods each day. 



When seeds are left overnight irv a cyllnder of vVater, the seeds 
swell <^nd the^height of* the Column of. seeds in ^ cylinder^ 
*xncraases\. 




Column Seeds at stert ,, Column of seeds afser 24 houJ!?s5 
Day U- ■ \ • „ • ' Day r 



I 

/ 



^ After observing Vhe incfeaseVin. height of the seed column, th^'^ ^" ;^ | '/ ^ 
* children spread^the seeds- ompaper towels to dry. The xv^i\ ^ • ^ . ' ^ 
^ .day the 'children put the .GCcd^Mntd'dn onipiy cylinder and /<- ; 
measure the height* of the seed column again.- Ther>!they . ^ , , ^ 

sprea'a"\Re'Tean9 out once mor'^ and raeasure thpni Qfter a * 



aecond ^l^y of drying,' to.^se^ whether they h^ve/shruhk still 
C\ more. • The children record each\day*s.data on Worksheet 18, ' , ^./^ 
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^ This activity gives the qjiildren an opportunity to observe 
and record a* change in $ize that can be mad.^ to gojn two^ *' 
directions, rather thaa/just increds-ing or dedreasfng,. 

Jhe absorptidn of water (imbibition) ,}Dy yaripuis ili^terials such, 
as peas , beans , jieQ and wood has practical applicatipns that 
the children migh^ enjoy thinking 'about. For eVcampIej, "their 
mothers have to icnow how nriuch|water a cup ofyice,^A^^iU absorb 
to know 'how..muGh to add for cooking , how large a'pah to use 
to cook it ih, and how many pebpl^'it will s.erve> 



been 



In;jpme' instances the power of qwellihg objects 
usedlto^ gre^t Bflvant&ge . Beforei explosives were ^isqovered , 
stone was/quarried by pouring water on pieces of ary^wtDod'* 
that had Keen wedged into holes jin the rock.. Evemnovy this 
method is used in quarrying m^rh^le and granite for ^pecial 
purpo.ses . There is some historical ev-idence that spelling 
seeds wirfe also used to split rocks; You can dempi^sfrate • 
the pow^r of sw'elbfng seeds.-with a simply. experiment.'; Fill 
a small plastia bottle with beans and pour as much water into 
if as possible. Screw the cover on ver^, tightly;, ^or'ulse strong 
surgiqall tape to. keep the cover securely in.place. — 



th^e 



plastic .botJ:ld will be broken. 



le next 



NOTE;, 
and Da J 
" fact thak 

little c 
have 



been n'o 



MATERIALS 



The .he\^ht of the water level in the cylinders ()n Day 0 
I is nolva' consideration in this lesson, beyond the 
a certain leyef was specified to insure that tne 
ve enough water; to absorb. There should be very 
'^^e in the water level, if the tops of the cylinders 
I tightly covered with plastic ;wrap' arid if th^fe has 
spillage'/ 



h^ 

hajig 



be^5fn 



— ^tray 

— plas^t 

— tap^ 
souff 



— for ea^Qh child — 



V 



c.cyHhder with centimeter tape attached 



(prvlabel for child's name> ' t 

e cup filled with Michigan navy.beans 
— 'ContaHnerof^water - / 



— m^^dicine dropper- ' > \ . , 

. — piece-of plastic, wi;ap to cover top of cylinder 

— paper towel . * \ ' • ' 

■ . ■ * '.^..i " • ■ • 

\— Woi^<sheefJ8 ' • ' \ 



" for the class 4- 



— box or pan in which 
' day 



to .stox^ all the bylinddrs from day tp 



. • ' • ' ' ' ' 

I beam balance (from Unit 16) \ , '/ 



— boX'Of paper 'clips (#1) . ' - ^ ^' I, 

.extra> plastic cylinder with ^jrew fop^ or plastic pill 
I bottle with cap and strong adhesive tap^ (optional) 

j enough bean's to fill a cylinder or plastic pill bojttle 
' / 1 (optional)' ■ ^ . ; ' . * ' 



:PREPARfT;ipM / 



Attach centimeter tape^ip enough cylirid^ers so that each child 
can have/ one. Fill spufUe cupVsmth lylichigan nav^ beans; 
,Assemtle.all the materials specified fc^r each cljfild on tr^ys, 
or arrange them dn a table where the dhildren can come and 



* / 'get fhem:.* 
PROCEDURE V 
Day 0 /^'/ 



Give a tray to each ch;ld, or ask 'the children to come and get' 
th6 martert^^and have them work on F>aper' towels. \Ask eaqh 
cl/ild to label his dylinder with his natriQ^or.mitiials . . Next >^ 
h4Ye each child fill hife ^cylirvder to the 2-cm^mark with beans 
froifn the 'souffle; cup.. 'SuggQs^that the children tak,e out or ^ 
put in beans , jand j,i|ggle them around ci little in the cylinder 
ito'get the beans as ^nearly level with f l)'e 2-crn mark as ^ocsi'^* 
fble. Next.ask the children tofeour tenough water in e^ch 
'cylin(^er so tH^at beans anci; water combined re'dch the 7-cm 
^mark . Remin ^^ thorn fhat they-ccan'adj^st the water level with 
\ a medicine' dropper. 'After that, each'.childf should cover the: 



top of his cylinder t-ightly with plastic wrap, and stand it in" 
the box or pan you have provided for that purpose. Next/ask 
each child to look at Worksheet I S. 

WE HAVE'jUSf STARTED AN EXPERIMENT WITH BEANS — 
ON WHICH CYLINDER SHALL WE MARK THE HEIGHT OF ' 
•THE BEANS TODAY? (On the cylinder above the column 
marked "Day 0?'") , . • , " 




Have the children put a mark at' the left of the cylinder to 
show the" height of their bean columns on Da*y 0. , » • 

TOMORROW AT ABOUT THIS SAME TIME WE WILL LOOK 
AT OUR CYLINDERS AGAM .AND FIND OUT WHETHER 
ANYTHING HAS CHANGED. WHAT DO YOU THINK WILL 
CHANGE? ; ■ 

Let the children speculate freely about what will happen, but 
do .not reveal whether they are right or wrong. 



Now ask one child (Gebrge) to fi.U a cylinder with beans^to 
the 2-cm mark and then to weigh the beans with the beam . 
balance, using paper clips as weight units,. Make a record 
of the weight of the dry beans on Day O on a chaMcboard chart 
that will eventually look like this: 
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George' s. weight experiment 



Next have George putthe.beans back in the cylinder and add*' 
water up to the 7-cm mapk. When 'he has done that., have him 
pour the' water into another container and weigh It. Make a 
simple record for the weight of the w^atenJn paper clip units 
on the chalkboard. (If George has used |l paper clips, the 
record should look like fhts: On Day 0, the weight of the 
water in^ George's cylinder = 40 paper* clip units - 



Have. George label his cylinder "Weig^ht Experime:iit/' restore 
the water to it, cap it wtjfh plastic wrap and set, it aside until 
the next-day. ^ . \ / . \ " \ ■ . • 



Day .1 



Have each child observe the new bean leMe»l in his^ cylinder 
a.nd fill in the new reading in the appropriate column of 
Worksheet 18, Tfhen Tiave eacfh child drain the water out of 
h.s cylinder and- spread his beans, put on a paper towel. 
^.(Jiome of the inverted cylinders .may have to b'e tapped ^sharply 
on the desk to dislodge^ all the beans J-*^ Have each child mark 
his towel with h\s name or initials and put it in a place where 
it can be left overnight for the bean's to dry owt. 

Now have George drain the water. from his cylinder into the 
same container he used'the day before for weighing the water, 

^ and weigh his beans before he spreads them out on a paper 
lowe^l. Make a record of the^weight of the beans above Day^ I' 
on his chalkboard chart*. Have the children compare the in- 
crease in weight of the beans with the increase 'in the height 

^ of the beans in the cylinder. (Both measurements for. Day I 
.are- about twice those for Day p.) ' ' . ' 

Before George weighs the water from his beans, ask the chil- 
dren to speculate about whether there will be more water, less 
water, or about the same amount of water as on Day 0 , and 
^ give their reasons. Then have George weigh the,;water and - 
Record the new weight on the chalkboard. (It..should b6 about 
•half that of Day 0..) *Ask the children what became of the rest 
of the water. ;(It went into the beans; the beans absorbed it/)/ 

If you wish to do it, this is a good time to etart the experiment 
with 1 cylinder crowded full of beans, and* then water,- and 
ask the children what they think will happen. Be sure' the 
cap to this cylinder is^so tightly screwed .or taped in place • 
that the cover .will not come off and spoil" the experiment.* 



Day 2 



The childre^n take the dry beans from their .paper towels, put 
them in their emp^y cylinders , make a reading of the new- bean 
height," and jrecord it on- the worlcsheet. Then they spread the 
beans out onT'the towel aga^in. Depending on the. conditions in 
*the classroom, the shrinkage'by the next day may-itot be 
measurable, but the possibility is worth speculatidp^^and in- 
vestigation by the children. . . - • ^ • ; 



Ask the children to predict the weight offeeorge's b^ans. 
Then liav,e George weigh his beans and record the new weight. 
Have tlye^children compare the loss of weight with the' loss of 
size/ (The josses wi41 be about the same. "George's beans 
wilt- weigh about half of yesterday's weight, .and the height 
of the dry beans in the cylinders will be a'bput^ftalf of y^ester- 
day's height.) ' • • • 

\ 

WHY DID GEORGE'S BEANS WEIGH SO MUCH LESS ' 
TODAY? (Because they shrank like' ours; because' 
the water evaporated from them; they dried dut, etc.) 

.The children should be able to see that there is a relation 
between the lossjn size and the loss in weight, both caused 
by los-s of water from the beans. 

IF GEORGE PUTS HIS BEANS. IN WATER AGAIN / .WILL THE 
■ BfiANS. CHANGE AGAIN? HOW WILL THEY OHANGE^IN 
,SIZE? -HOW WILL THEY CHANGE IN WEIGHT?^ 

After the children predict, have George put his dried-'up beans 
in the cylinder and add water to the 7-cm mark) as befoVe^. . . 



On this day, the children make the last measurement and re- 
cording of the bean heights.. "Tken George weighs several 
batches of beans that^other children have been drying for two' 
days / in order to get-an'approximate residing for Day 3^n his 
weight chapl^*. The children compare George's weight record 
with th^lrpwn height data. "They discover there is a corres- ^ 
pondence^. between the twK). ' ^- 

• , 

Next George shows the class -his, cylinder of re-soaked beans, 
^ and the class observes that tlje beans have again increased in 
'size. .Then he wei^hs'the wet beans so that the c^ass can see 
.the beanS'have also again increased in weight. 

If you have^done the broken- battle experiment, let the children 
examine the broken cylinder and speculate about the cause. 
Then / if -you like, teU the class how this swelling through 
' a^Dsorption of watet has been used to s^lit rock. 
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children to a discussion of Whether tKe .s.wel ling of "seeds is 
of any practical use. by telling anything they h^ve noticed 
about the cooking of rice, barley, oatmeal, etc. at home. 

WHEN YOUR MOTHER-qOOKS OATMEAL , DOES' SHE 
« kDt A LOT OF WATER-TO A SMALL AMOUNT OF OAT- 
^ MEAL, OR DOES SHE FILL THE POT MOSTLY WITH 

OATMEALAND ADD A LITTLE WATER:?c^ WHY? • 

If you wish; let the children bring small ambunts of dry bar- 
ley, rice, Wheat, etc. to test with water in their cylinders. 
Wood chips or sawdust cquld also be soaked in water and the 

results noted. " ' ^ , ^ 

■~* * . ^ 0. — 

Sfou-caii call the. children's attention "to the fact that wood » 
absorbs^water by asking them why bureau drawers and house 
doors'^stick'at times. * . . 



WOODEN FURNITURE. CAN ANY OF ¥dU TELL US WHY 
THIS HAPPENS? DOES THIS OCCUR IN ANY PARTICULAR 
KIND OF WEATHER? 



SOMETIMES' IT Is"t)IFFICULT 
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PLOTTING ORDERED PAIRS 



PURPOSE • , . 

— To give practice in plotting' data on. a grid. 

— To give practice in ioterpreting graphical datal 
COMMENTARY 

This unit is devoted to the- observation of different kinds of 
"changes, and't'he recording o^ those changes in a numb'er trf 

different ways,, -One of these recording methods is to graph 
-;^-the data by plotting points on a grid on which tjie horizontal 
^ ^r x-axlg» sHows'bne change and the vertical or y-axis shows 

another change. For*fe'XampJe , to show growth over a period 

of time, w^ ^s^ thei'x-axis to represent regular units of time, 
, and the y-axis to represent units of height-measurement. The 

graph showing that a plant grew from 2 inches tall on' the third 

day, to 3 inches tall on the fourth day and then to 3i inches 

t^U on the fifth day would look like this: 




The location of ^the* point recording plant size on the third day 
can be describe^ by a pair of numerals (3/2)' that locates the 
point in referencc.to the two- iht€^secting axes, time (x) and 
height (y). The pair'of numbers^ (the coordinates) is called " 
an ordered pair, because it is alway's given in the same or- - 

* der — that is, the horizontal or x-^axis^ location is always ,^ . 

• staled first, and the vertical or yraxis- location-is -always 
• stat.ed second.^ 'I 
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The lessons in this section are designed to prepare the chil- 
dren for graphing data in this way and for interpreting such 
graphs. : ^ ' - 

We 'begin witlr c'dlumns and rows of desks and show the chil- 
dren how these can be recorded on a room map. •The children 
learn to locate each child's desk by an "address" which is 
an ordered pair of numerals naming the column and the row in 
which the desk is located. Lines drawn through the columns 
antf rows on the map become? th^e children's first experience 
with numbered grid lines. '-^ 

The children continue locating points on a grid by "name^and • 
address-4-" That is, poiat^Ais at (3^2). Tjiey learn to find , 
3 bn the horizontal axis (called the "over" axis) by starting 
at 0 and moying "over to 3 ; they find ' 2 on the "up" or 
verfical axis»^,moving up from t) . Then they trace the grid 
lineff from each of the Bxes to the point at which they inter- 
sect. ' ^ ^ " ■ 

Ordered'pairs*are provided in tables, and the children trans-, 
fer them to grids. (The bonus fpr this task is to draw a ^ 
"follow the dot" picture on the grid^) They also work \yith ^ 
the inverse operation — that is, they read the plotted points 
on th.e grid and transfer their addresses (the ordered pairs) 
io tables.. . a " ^ 

it is expected that many children will be able to handle this 
work easily , after their work withgrap'hs in preceding aQti- 
vities. Others will ne^d extensive practice. Therefore, the 
lessons of this section may fee used formally or as free-time 
^activities, as best fits the need of your class. It'is^hoped 
that' they will appeal to the children so that they',wil-l continue 
'to play the gcimes and thu'S review the processes eyen after" 
the unit 'is completed. .You can cSnsider the- section success- 
fully completed when the nv^jority of children are able to lo- ' 
cate a point onla grid when given its coordinates as an or- 
dered pair.' Yojj^may then proceed to the next section, in^^ 
which these skills are applied to ispecific problems. . * 
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Lesson [7: PLOTTING ADDRESSES / 

In, this lesson the children learn to describe locations of their 

desks in terms of ordered pairs of .numerals referring to the 

column and row-they are in. They locate the corresponding^ 

intersections o^ a grid superimposed on a map oi the rooihi 
* - . - 

MATERIALS ' . v .. ' 

— tagboard' 

— cards with --mbers for labeling rows and columns of desks 
~ r0d marking pen 

PREPARATION , " * ' , ' ■ . . .. . '"■ 

Before teaching this lesaon, arrange the desks in- an afray^as 
shoy/h ill the diagranv-be-low, and draw a map of the arrange- 
ment on a'Large piece of tacfboard, {If you .normally .have the 
* desks in an array, draw the map of- your regular arrangement • ^ 
It is not' essential to have six columns or six rows J 

Put numeral cards on the first des^ of eaoh column and row. 
" As you facb the class, Column "I will be on your left, arid' 
kow. L will be closest to you^ Show your own desk in its pro- 
per lotjation. - . - . 



PROCEDURE -* ' ■ •' ■ 

Activity A ' ' * . * * 

Rfemind the children that in an array^/such as that formed by 
their desks /colum^is go up and down and rows go across. 
Distribute the cards assigning numbers acnross the first row 
^ and down the first column of desks 7 Have the children seated 
, at their des^ks^^Tell fhem that wVieri you shut your eyes ,^ they*, 
are to move quieftT-to^her desks. Keep your eyes closed * 
throughout the first part"of<he activity. 

When'the childcen are settled'^ ask* <. t 

<• MARX< BROWN , WHERE ARE YOU SITTING? 
■ t ' » - * 

If she answers "At john's'desk, "■ say: " •. . ' 

• • I'VE FORGOTTEN WHICH DESK THAT IS; CAN YOU TELL^.. 

ME IN ANOTHER WAY? (Third column, second Veat.) 

If necessary, help out by asking: 

WHIG H COLUMN ARE 'YOU IN? (Third . ) ,-WHICfH ROW? 
(Second.) YOU ARE IN COLUMN THREE, ROW TWO — ' 
OR you: ARE AT THREE, TWO. . . , ' 

NOW TELL ME WHO IS SITTING AT FOUR^. THREE — IN 
COLUMN FOUR, ROW THREE?' ^ \ 

Repeat this with several. children". ' ' \ - ' 

T,hen open your eyes and call on several children to give you - - 

lthaiT ctd:dLes'^^^^ the column and row of the • 

desk they are sitTing aK TJmphailiiltRaCtfee^^ 
, . is always given first, and since we know that7ltTs^n5t^--^-^ 
necessary tc.use the vvords "column" -or -'Vow'' before .the num- 

• erals. • " " \ , 

Vary this .by calling out addresses e.g. , (2,6), (1 ,4)*and 
' having the children seated -at. those»desk§' stand.- 



Activity B 



If you.normally*h3ve the desks arranged in an array, hav,Qj' - 
'the children return to their, own -seats 1 Show tj}e Class *t|t| 
^ tagboard'»<fi^ of the 6e§k ar^ngp'^^n^^ 'T^li them that it 
'shp^s tt\e<>^esjcs as^ yb}f ^ee^them from, the fropt of the pom.. 
. Ta^ke t^e nrap to -the J:)ack of. the room so that th.e cTiilcJren r*"* 
' ^ -have to turn ar6und in -their sfe'ats to se^e it. This vvilLmake 
" iC easier f6r the'm to relate • their p'hysica^l positions to th€t ^ 
visualumpressipnr^ven by tiie-map, -ItVill hjjlji^em see- 
why the desk thit -seems. to? l^e.,i^tUe fjont flght "hafiS corner""* ^ 
Qf the room is shown at the'lower>l'^ft*han.d corner of "the map^- 




With a red marking pei) draw verticat, -lines 'through each 
column of desks and across each-rciw. These line's v^ill form 
a. grid with a desk at each'intersection. ' ^ 
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Continue to ask children to give their addnesses, or to re- >^ 
spohd .to .addresses you call out, but now have each also go 
to the' map and put his initials on the desk at the proper 
intersection. Occasionally point to^ desk on tha-n^p' — . 
one that does^hpt have initials on it ~ and ask/the^class for 
its address. Then the child at that desk should go to the 
m^p tOj^^y^iil the appropriate desk/ ' a- . 

" ♦ . • ."^ * 

When the children are able to do this activity with facility, 
carry tfte majcivto the front of*the room and continu'e as before. 
If^Fhey,have too much trouble with the change in orienta.tion, 
continue working from' the back qf. the, room, since the main, 
purpose of the lesson is tb-te&chjthe reading, of coordinates 
on the "grid.. Keep the whole class ^involved in checking 
addresses. You may prefer to .let each. child" call out a 
child* s name. or address after he has initialed or given his 
own a(^dressV • . - ' ' 



Lesson IBv PLOTTING PICTtTRES 

in thi? lesson t^e children use ordered p^irs to locate points 
' • on a grid. The^ they connect the points to draw pictures, 
n This gives them a great "deal of practice with naming points 
on the grid. — 

We supply more of these worksheets than you nj^ay^wfint to 
. ^'use in claes tim.e. Optional works heetsjcarr be done during 
free time. f 



MATERIALS 



-r for each child 



— mirrors, f" cub^ masking^^tap^ (1^^ wide)hglye 

- Worksheets 19 



PREPARATION . \^ 

Before distributing the mirrors provided ihvyour.kit, follow 
^ ^ "*these steps\ (Tape, Wooden^cubes , etc. , are included in 
the kit.) ^ ^ - 

I ; Glue I cube to the back of the mirror at the center of 
the- lower edge. The block should be even with the edge 
^ of the mirror.'"^ . 



.Ma;^king Tape 




^" feube 



2. Use the masking tape to cover the two side edges and 
top edge of the mirror,^ as shown. above 



PROCEDURE 



Activity A 



Dn the chalkboard draw a 10 by iO'grid, and number the 
axes.. HavQ^the children turn to Wprksheet 19.. As you read 
off the data /'one point at a time, the children are to plot ' 
each point on their worksheets . Tell the children that we . 
call the address of a^ point, '^an ordered pair" because. we 
always give and plot the numerals in the same order. 

Plot the first fevy .points at the boara\while the children 
follow on their worksheets . 

_ WI-IAT is THE ADDRESS ^OR POINT A?\(l , I) . 



FIND INTERSECTION ( I , 1') . THERE JS'^.A .DOt^AT XHIS , . 
INTERSECTION ON THE WORKSHEET." IT Is'lABELED 
POINT A. ' . - ^ c , ^ ' ' 

Use a fing^er of your right hand* to trace*from^ 0 to I on the 
h6rr;2ontal or x-axis. fell the children that to find the firsb 
number of the pair we, go over from 0' along the "over"^ axis 
Use a finger of your left hand to trace up from 0 along the . 
vertical or y-axis. Tell the childreh' that to findthe, second 
numb.er of the" pair we go up frorii^-.".0 along the ""'up" axis . 
Then trace along the ^grid .lin^s with both fingers untii they 
.meet at the intersection. Mark, it with the ordered pair-^ 
(I , I) and label it "A/^ . 

THE .ADDRESS OF POINT A I? (.1., l). WHAT IS THE 
ADDRESS FOR POINT B? (1,7).- . • " 

FIND INTERSECTION {1,7). PUT A D'OT THER^.- LABEL 

IT. "B.^" ■ . : ;, , 

Repeat th? deljailed procedure for point B while the .children 
work afc their seats.. Then have a child come to Work at the 
board as you continuexeading the-addresses«,. one by one. 

-A, f=i,l) ' . . G ■(2-, 8)' 

B (1,7) . D (2,10) 



E ; (3,1,0) ) (6. J) 

•- F' (3,9) • - • ■ K (6,3) ■ . . 

.(.4,j0) . • . L ' (5,3)" . ^ 

H. (8,7) ' • ■ . -M*. (5,1) \ 

I «(8,i)" , • ^ N (1,1); 

Aft^r all the points are plotted, the children will connect 
them in alphabetical order, using straight line segments be- 
tween points; Have them us.e a'straig.htedge to draw the 
line segments. (They need practice in this skill to prepare . 
them for' work in Unit 21.) 

.Now Have the children do Worksheet 20 independently.' (Pro- 
. vide help. only wheh^it is needed.) Worksheets 21 and 22 are 
optional fjfee-time activities . 

All thq^hildren should do Worksheet 23 < This provides onl- 
half of a symmetrical figure. , Have the children stand their • ^ 
mirrors up along line DH, theiine of symmetry,, tasee what 
the complete figure should look like. Then, by counting grid 
liTTes, they should complete the figure, label the points with 
letters and ordered pairs, and write ^the addresses for the . 
points in the table. Worksheet 24 is another optional activity 
involving symmetry. ^ ' . " ^ ^ " 

Activity B ' ^. ^ ^ 

Have the children work ift pairs. 'On Worjcsheet-25 each child 
is to draw a four-sicfed j^igure using straight line segments ^ 
' ■ that begin and end at grid inte^ections . (Each new line seg- 
ment is tp begin at thVsanie poihFthat the-last one ended on.) 
The children write down and then read fo their partners the 
addresses of their points. Each repraduce's -the other's v 
figure, and ^ then' they compare f he reproductions with the 
originals. ^ * . " , ' ' 



Wopks^heet 26--provides for a similar activity in which the chil- 
dren draw simple pictures, again using straight line segments. 
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jiforkshcet 19 
Unit 19 



.Name 



Plot and label these points. ^ 
"'men connect them in alphabetical order. 
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*WorJ<5heet 21 
Unit 19. 



Name 



Now solve thl» puzzle. 




H.or)<sheet^20 
Unit 19 



Plot and label these points. 
Thenxonnect them in alphabetical order, 




Hor)is)ieet 22 
Unit 19 

A 12, n 

\\ (0,4) 

C (4,4) 

I) (4,6) 

K (5;6) " 



Name , 



K 16,8) 

G (8,8) 

II (7,6) 

1 (8,6) 

' J (9,8) 



K (ll«8) 
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M (12,6) r 

N (12,4) 

0 (16,4) 

P (13,1) 
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Worksheet 23 

Unt t 19 _ Name 

"Here ts half n picture. 

Use your mirror to see it all. 

The- line of symmetry Is DH. 

Count the grid lines to complete the picture. 

Now name the points, nnd fill In the char<»/^. 
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Worksheet -ZA 
Unit 19 



Name ' 



Hero Is another symmetrical picture. 

Use your mirror on line AG. 

Complete the picture and fill in the chart. 
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B (2.5) 

c (3.51 



F ( ? , 6) 
G (9.4) 
H 1 ? . A) 
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Worksheet 25 
Unit T5 



Name , 



Draw a 4- sided shape on the grid. 
Naoe the points and fill In the chact. 
Then tell* the addresses to your friend. 
Did your friend draw the same shape? 
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t,. Write the addresses- for your friend's shape. 
• * Kow draw the'shape. Is-^it- the same as his? 



A (/.c^^l 
B (<^.6l 

b i2.i5^i 
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Worksheet 26 
Unit 19 ^ 



Name 



Draw a picture. Use/only straight lines. 
Tell your friend the addresses.* 




0 1 



A 1^.3) 
O 1^5". 31 

D { 9 ,3\ 

E (/. /) 

•F'.Jv?'./) 



Write your friend's addreljses. 
Then draw hU picture. 
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Lesson 19; ^^GO^MOKO" 



This gam:e provides further practice in naming and locating 
points pn a grid^. It is similar to tic^tac-toe, and can be 
played„either as a class activity or by pairs or small groups 
of children. Some extra .grid sheets are provided at the back • 
of the student manuals so that children can play during their' 
free time^ - ' - . . . ■ 

PROCEDURE ^ • , * • ' ' " 

Draw ,^ 10 by lO grid on the Chalkboard and number the ax^s. 

Divide, the class into two teams, the OVs'and the X's, 

The teams take turns calling out the addre-sses of grid inter- 
s|ctions by giving the ordered pairs. As each interS€fction is 
x^Ued it is marked. with an X or an Oj according to the team. 
\hat called it'. No intersection may be called twice, 

/ - - ■ •■ . : ■ ■ • ■■ 

/The. objective of the game is for one team to capture any four 
adjac(3nt points that lie in a straight line, either horizontally,, 
vertically, or diagonally. The teams should chdosa inter- ' 
^ sections with two considerations, in mind • - to gain control 
. of a line of points, ai^d to, block the other tdhm. 

Fill in a demonstration game as you explain the game to the' 
class. Allow the~ teams to consult for'.each turn until they are 
familiar with the rules. Then you can make the game more 
. challenging by making the rules stricter. For example, con- 
sultation or calliruj an address out of turn might lose the team 
its turn. ^ . 

• - <• 
Be sure that the child who m^arks the*grid uses the first number 
in the address to go along the "over" axis and the second 
^ number to go along the "up" axis. The chil<^ren will quickly. " 
learn that a turn is* wasted if the address is called out in the ' 
wrong order, because the wrong point is captured. 



SECTION 5 



gygmjfl unT TfA^r ft]^p WEIGHT; 
-PURPOSE ' ' - ■ 



— To review ^and extend the concepts of- weight apd vplume 
, and the measurement o^ these two properties. 

— To reinfqrce. the concept of conservation bf weight and 
volume despite cliangein shape of an object. 

— To help children develop an intuitive idea of the relation 
between weight and volume. ' \ 

— To have the childrten gather data and record it by means 
V of graphs, and to have them interpret grapns. 

— • To giveWactice in extending a table of measurements from 

data already .known. ' - 

COMMENTARY ^ ^ ' , . ^ 

This section-is iijtended to review and enlarge the\children*s , 
^^understanding of weight, volume, function and measurement. 
Graphs are used by the students as tools for analyzing the 
relations between two kincls of measurements. Thus function 
is the^ major subject of the" section, with tKe weight-volume 

relation as the* vehicle. > • ' 

/ ■ 

' „ , ^ -v. 

In Les*5on 20 the children* compare- the capacities, of containers 
of different si?es. " To- do this they have to, make some? simple 
computations, using repeated addition or multiplication. .(A few 
chiKiren may also use subtraction. ) 

In Lesson'*'2H the children reinforce'or rediscover a concept. that 
was introduced in earlier units — that changing the shape of an, 
object does not change its volume or weight. ^The probedure is 
to have the. children change balls of clay into various shapes 
(without adding or removing any clay) and then drc^p them, one 
at^ time, into a^container of wajter. JT^iexhildre^ 

\conclusion.that^no matter how they change the. shape of the 61ay 
its volume remains the same, because they note that each time 

^- the water in the container rises to the same level. That change 
of shape does not affect weigljt' is checked by weighing each ^ • 

. changed shape of the clay. 



Lessons 22 and :23 give the children the opportunity to gather 
voiume and weighLdata about spm'e lead sinkers and to plot 
this data in tesso.n 24, ^ In Lesson 25 thp children find the 
weight and volurti'e of clay objects of different sizes. In Les- 
son 26 the children use their water displacement and weighing 
teehn^es to find out wjiethdr an "unknown" object contains-' 



Lesson 27, though primarrLy-^a,x6\^ew and evaluation lesson, 
does- give an early introductioritoT^nd^practice in , .the kind? 
of graphing lessons the children will haveTirriatei^m In 
this lesson |the children are" reCjuired to interpret gra^feT-^and- 
from the ease or difficulty they have in trying to do this , ybiT 
can estimate Row much understanding of graphs they have - - 
^acquired by that time Because the'ohlldren will be given 
much more, work with making and interpreting graphs in the. 
future , do not be discouraged if^only a few students seem to 
, h^ve mastered the ideas. ... . , , 



«rno|e'T§ad-orLrn6re clay. 




Lesson 20: . MEASURING;! HE VOLUME OF FIVE-BOXES 

The children cpnstruct paper boxes of assorted sizes and * 
shapes, and find the volume of'.each as measured in-Minne- 
bar units. They may use any method they choose for finding 
.the vblunrie counting, maiching, adding, multiplying,; 
' or «L^y cdmbinatipn of these mefho'ds. The children will sqe* - 
that'there are many ways to find the answer .to'^a problem. 

Problems involving numbers larger than those with which the 
children have .previously worked are introduced, but it is nbt , 
' . expected that they complete all the computations independently. 
Rather, they should see that- they can describe procedures even 
wh^n^tjiey cannot carry them out;. 



MATERIALS 



Worksheets>27, 28, 29 and 30 
~ cellophane- tape 

"^^l>o::e^l^^an^ yellow crayon for each child 
set of Minn^ebcij;:sjfor each child 
addition slide rules 



PREPARATION 



Cut out and assemble the wheel base and two wagon^ bodies 
from your copy of Worksheet 27, u^ing as aids the diagrams 
on Worksheet 28. . This will enable you to anticipate apy dif- 
ficulties the children may h^ve' when they assemble theirs. " 



PROCEDURE 



Activity A 



.Use the story situation that begins on page 109 to introduce 
the problems of this lesson. 



11 G 
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Worksheet 27 
Unit 19 



Name 



■Wh*eel support 



Tom*s wagon- body 




".Wheel support ' 
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, [■ Mike 
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J/Iike's wagon body 
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Worksheet 28. 

, Unit 19:: ^ . Name _____ 




Mike was all excited because he had been, given- a bright red 
wagon for his bifthday. ' It-was not so big as his friend' Tom*s . - 
yellow -wagon, but it was much shinier, and its .wheels didn*.t • 
squeak. On Saturday morning Mike could hardly wait to finish 
eating his breakfast so that he could go ou;: and use his'wagon:; 

.-..^ Tell the children they are.^now going to build small' paper re~ ^ 
presentations of Mike's and Tom's wagons from Worksheet 
27 . The childrerr canr use Worksheet 28 for reference , but 
givfe'the following oral instructions also': 

1 . Cut duf wa,goh bodies, wheel base and wheel supports/ 
Cut a long', heavy black lines dnly dotted lines, are for' ' 

^ ^ folds. • ^ . . . / 

2. -Color Mike's wagon red "and Tom's yellow. 

3. .Assemble bodies by folding'along dotted lines and pasting 

• flaps ai each corner. ^ . . * ^ 

•\ . ' ' ' 

4. Fold' wheel supports on dotted lines. 

5. Fold wheels down-.along the dotted lines. 

6. Attach wheel supports between the wheels, using tape. 

7. Attach wheels to supports, using tape. *• 



Activity B 



Mike's father said to him, "Mike, Thave-^ajob for you to do, 
and I think you will, en joy it. But if I had asked you to doTTnrs 
•week I don't think you would have liked it at all. Can- you guess 
what it Is? " ' * - • - » 

Mike couldn't guess. His mind wa s really on his r^ed wa,gpn,i^ 
Tiot oh Dad's riddles. So -he looked at his. father's face for^a hint, 
and he saw that his father was looking but of the kitchen window. • 
He looked too, and* he saw the big pile of wooden blocks .that was 
in the back yard. "I;know! " he said. . "It's .the\][ocks ! Do you 
want me to move them in my' red Wagon? " . * 



"You'guessed it," Dad said." "Mr% JohnSon going to use,,,^ • 
them to build a playhouse for his grandsbn. Wpuld'you cart them 
over to his yard this morning? "./ - ^ ; 

• sure will!" Mike said.. "I wonder how many. trips 1-will have 
to'make." ' * f ' • 

Mike and his father went out into 'the yard td figure it out. Mike 
filjed his wagon with blocks. . He put one layfer into the wagon, and ^ 
then he .piled a second layer on top of it. *But wheri.:he .^started to pull 
the wagon,- he found that the second layer slid off becauseat was 
above thQ sides.of the wagon; «So he knew that he could carry just • . 
one layer of blocks .at a time; ' ^ . ' 

Remind the class that their r.ed wagons and their Minne^.ars are 
scaled-^down representations, of 'dike's wagon and blocks. Have 
them^'load each^ red. wagon with a layer of Minnebars.* Ask'a . 
^ child. how many units of Minnebars there'ar^" (18), and have 
" ^ him telJl'the class' how ^he' found, puY. '^tHe niay.J^ counted all^ 

• the bars; he may h'hve countecJ* the rows and columns^.ahd com- 

■ putefd^'by* repeated addition, or by multipjicalidri.) Ask other " 
children to tfell how^else one could find out how many liiiits the • 
; wagon hoids, until all the above possibilities are mentioned, 
. As the "Answers are provided, write them on the board. ■ ' 



r 



6^ 



3'< 



" 6 
6 

' + 6 
• 18 



or -3 X 6 =J8 



D.O YOU REMEMBER WHAT VOLUME IS? (The number of 
units a container can hold.) ^ ' ^ 

theKi what is the volume of the red wagon? (18 

Minnebar units.) , ' " j . 



' Mike knew how many blbcks his. wagon* would. hold, iDUt he 
still didn't know how many trips he wou)d have to make; The blocks 
in the^bBpk yard^were not in a neat array .so he cpuld'.riot count the 
nujnber of roWs and columns and* layers,' He decide.d that tie would- 
just .keep making one trip after another until ^he.finished* It did look 
as if h.e would make a great number of trips i And he'began to think., 
how he would like to coast down the hill in his red w^on. So'he 
was very happy when his friend. Tom came along with his.yellow'TWagon. 

"Let me help you/* Tom said. "My wagon holds. a. lot more tham 
yours, and we will^get done faster. Then we can gorfcoastihg together, 

cHow'much does your wagon hold? " Mike asked; • " - 

Have the children fill their yellow wagons with Mihnebars and 
find the volume... They may cdunt, add or multiply'. As each- 
method is described, .write it on the board. ' • - 



3 X 6 I 8 



. 18 
> / 36 



3 X 6 = IB 



.V or '2 K 18 = 36 



or 2^3x6 =^36* * 



Remind the children that they learned how to multiply by taking' 
, repeated jumps on the number line. Review a simple problem, 
such as 3' K 2. ' ' ' • . - 




Have ihem turn to Worksheet 29. /^long the eSgethey will find 
a number line showing- 18 units of the same, size as their ^iddi-,, 
tion slide rule'upits. Jhey can- cut this strip pff the worksheet 
and use^it f9r doing repeated ''addition or mifllipli cation of is-on 



theif addition" slide rules, since t^e'slide rule^rovide only 
for adding 10 or less and rt;would be very- tedious to.count 
18 units over and'over-again. Encourage the children to use 
the addition slide rule whenever they think it will help thenv'' 

* in the following' activities. 

% 

• HOW MANY BLOCKS MORE DOEvS TOM'S WAGQN'HOLD ■ . 
THAN MICE'S?, (18 0 . ... 

t ■ \ * 

HOW DID YOU FIND OjUT? . ■ , , ^ 

There ai^e a number oS olDservations that may be made about 
the difference in voluine of the two wagons, ^oijje children 
; maysimply^uggest that -the volurne of one be' subtracted ' 
' from the volume of, the oth4r. You ntay- wi4te 36-r8 =5:1c8 on • . 
the board', but do not e.^ect the children to be able to do the 
QQmpuJ^tion ind6penderi*i^. ' ' ' . - 1 , , 

Some may observe that pne wagon holds twice^ as much -as tl\e / 
tother, and that therefore* if one holdsJS/ the ,dth^r ^iU Hold 
. 18 more. ".If^. \ a . ' • ' . ; , ^ 

Some may suggest matching a Minaebar unit from Tom* s^ wagon 
with each unit from Mike's wagon, and theij counting the units 

• .that are sjtill left in Tom's. wagon,.^ , ' . ^ 

» ^•^ • • • ^ ' 

The next problem the boys thought 3bout was. I^ow many blocks 
they had hauled altogether; They hati tumbled e^ch'wagonload out,, 
so instead of neat stacks that would be;e^asy to ibount, they had% big' 
heap. They decided to figurp. out how many blocks there were in Mr^ 
Johnson's yard by the nurriber of trips that had been- made. Mike had 
made three trips by himself, and then he and Ton? had madfe*one trip 
together^. How. many blocks had tuey carried? - * / * ' - 

"! f 

'.•••#♦,# , 

^ .* ^ * 

First lead the class to add up the total number of trips each 
made. (4 for Mike, L for Tom.) Encourage com^Dutation by^ 
way of layers^ — that is, 4 lancers for Mike, -2 for Tom. Write 
on the board all the (equations the children suggest that'niigh^ 
J. , describe the total number of blocks. Encourage thejD to devise 
a* variety df equations., including those they are unaj)le to 
, solve. Some are iiat^d. below: , * , 




18+18+18+18+18+18=. 108 ■ 
6 X I8'<= \VQ ■ ' ' / ■'• 

/ 4 X 18 = 72, 2 xN"8 ='36, '72 + 36. =.l()8 



. The hoy^ made one";morenrip and discovered that -the- rest of 
the blocks jiist filled the two wagons . WHAT WAS THE COMBINED' " 
VOLUME OF THE WAQONS?, ( I 8 + 36 '= 54 , or 3 x J 8 ^ 54., or ' ' 
•Vs +' 18 + 18 = 54.) ■ - : ■ 

The' boys calculated that' they had- .hauled 108 blocks before, 
' and then 54 on'the last.trxR, Or a^tofal of is''^ blacks. This sounded 
like a great*deal to ihem,* bec.aiisfe they"k-new how big the blocks were 
and' Kow hard they; had worked They .we're all set to brag about, their 
work to the other^^ioys they would i..eet when they went co„asting oriv 
the hill..-. "'But wait a minute , Mike said, "If we tell them .we hauled, 
l^t^^lock's, they g[ii,gKt thin-k .we.mea^ those little blocks", we used to * 
play with in^^kihder'garten, .'We have to remember to tell our friends 
that the .blocks we hauled were great ,\big, heavy hunks of wood. 

'•Right'!" Tdm agreed, a^d tr^e'two boys were jCfst leaving . the 
lohnsons/ yard,- when Mrs • Johnson came out to thank them. > ' 

\ ' ^ ;"You musl^be pretty hun^gijy gft^r hauling; all those big blocks/' 
5he said. " "rd better.give you srQmeKCookies . So she did, and the 
boys ate them, an^ then they spertf the rest.of the morning coasting * 

^^^^^ wagons, and tnelling. the othe^r boys a^bbut the 
work. they- had done; ' . 

Wtivity.G ' . " ' . ' ' ^' 

. Worksheetv29 givt^s sorfie additi'5nal wprk\with'^olume'. . Iii • 
'preparation lor this, haVe the children assemble the .boxes .on 
; . Work:sheet 3p/ These represent other cliilctf en's' wagons. ^They* 



VVork:£ _ _ _ ^ 

ar^e- called boxes C,."b andil.', Mike's wagori body. is call(^d 
/box* A and Tom's is box B; for the purposes of Works hee"t 29-. 



At the bottom of the worksheet ts a. number line marked off 
by I8's — an 18 scale. . This is to -be used in class dis.cus- 
sion." Ask thie-fchildreh to stiidy it and answer your questions. 

LOOK FROM d TO THE FIRST NUMBER ON THE NUMBER 
LINE. YOU CAN TELL FROM THIS THAT EACH UNIT-REPRE- 
SENTS IS. ' - ' 

WHAT DOES THE INTERVAL FROM 0 TO 36 " SHOW? 
• (18 18.) . ' - ■ ■ • „ 

HOW MANY I8'S ARE SHOWN I!^ THE INTERVAL FROM 0" . 
TO 36? (2J 

flow MUCH IS 36+M8? (54 J " • ' 

Have' the children find the combined volume of boxes A and B.,. 
B and E, and A and,E, using 'Ihe 18-scale. 



Worksheet 29 
Unit 19 



Volume 

of 
Boxeii 



block unlt5 



A 


1 "/^ 


» 




C 




0 




£ 





Worksheet 30 
Unit 19 



Name 
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I 

• I 
I 



C 



D 







r 




V 

1 * ^ 

-> * * • 


# 









Cut along heavy 
black lines. 

Fold along dotted 
lines. 



11.5 
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Lesson 2 1 : CONSERVING WEIGHT AND VOLUM E * 

In this lesson, the children e^peiriment with balls of clay to 
* find whether changing their shape will- affect their weight or 
volume. This is an example of the use o^ measurement to 
verify and make reasonable a general principle, that of con- 
servation of weight and volume, ^he displacement of water 
by an object will be one of the methods used to. study volume < 
In both activities, the children \A^ill use the balances they 
coristructGd ixi Urtit 16. ' ^ . , ^ ' 



MATERIA JLS 



— beam balance or rubber band scale from Unit 16 

— paper cups 

— #1 paper: clips 

— oil-base modeling clay 

— for each pair of children ~ 

— 2 plastic containers (8 oz* size) 

— water ' ■ ^ 

a matched pair of clay balls , about' the size of walnuts 

— 2 strings about 8** long " 

— 2 rutiber Dands ' 



I^REPARATIOJ^* 



Before thejes son, prepare a small Ball of soft (node ling clay 
for each child. 'The balls should be divided into matched 
1 pairs in which the two balls are of equal volume. U^e a plas- 
^tic container of waterto make the pairs.- Insert a string intb 
sach- balL Submerge the first ba]l, mark the water level in 
the container with a rubber band, and. then put enough clay in 
me second ball to make the waiter rise^to the same lev'el. 



rR0CE4)URE 
Activity! A 



Hold up a ball of clay-about the size of a walnut and ask the 
chjildren: 

\DOES THE WEIGHT OF THIS BALL OF CLAY CHANGE WHEN' 



IT IS MOLDED INTO A DIFFERENT SHAPE? 



As you ask the question, cihange the shape qf the clay ball a 
number of times, ending up with a doughnut sh^pe. Then ask 
^' the class to suggest and discuss experiments that could be 
^ performed to test whetheir the clay ball changes it^ weight 
when the shape is changed. (Two weighings will be n^ces-, 
sary to illustrate that the weight is the same before and after 
the shape is changed.) ' - - " 

Have several groups of children weigh a clay ball on the 
beam balance and record the weight on the chalkboard. .Then * 
have them change the shape of the ball, weigh.the new shape, 
and record the results beside the p^^'^aous weight. - 

WHAT SYMBOL^^HOU&D GO BETWEEN THE TWO WEIGHTS, 
= , <,or..>? (=).^^, * X 

Discuss these results witl^the Class and help the children 
generalize ah answer to the original question. (Changing 
the shape of the ball does not change the weight J 

Activity B * - ■ 

In this activity th^ children again experiment with clay balls, 
^ this time, to determine how the volume is affected when the 
shape of the clay is* changed. Start the activity with some 
questions about volume. ^ * - 

WHAT IS VOLUME? (The space something occupies.) 

^ If the^ichildren are thinking about the^ wagons in the last les~ 
son^and offer a definition involving how much an object con- 
tains, ask about the volume of a solid object. 

IF WE CHANGE THE SHAPE OF .AN OBJECT, DOES ITS 
' VOLUME CHANGE? 

.HOW CAN WE FIND OUT? 

DO YOU REMEMBER HOW WE CAN DECIDE IF TWO OB- 
JECTS HAVE THE SAME VOLUME? ' ' 

Discuss the problem with the children. They may remember 
the procedufe they used in Unit 5, Introducing Measurement^ 



or Unit^l2, Measurement With Reference^ Units . that is, mea-^ 
suring and comparing the displacement by two objects. The 
test might .be made in water, sand, cork steppers or popcorn. . 
If the children do not remember these procedures, explain 
them ^nd review the meaning of displacement. 

Divide the class into pairs • (5ive each pair tw.o plastic cups, 
four rubber bands, and two. balls of clay of about the same 
volume. 'One child in each group should fill the cups approx-r 
imately two~thirds. full with water, and place them side by 
side to be sure that the water levels^are thfe. same. The chil- 
dren car> put a rubber band around each cup to mark the water 
level. Then each child should insert a string m his ball. of " 
clay, lower it into one of the containers J and mark the new 
water level with a second rubber band. - The tv/o containers 
can be^compared acraia to see if the new levels are the same — 
if the displacements are the same. • _ 

f ' ' ' i , • ' \ 

Now each child shauld remove the clay from the water, alter 
its shape and'return it to the water. He should notice 
whether the water returns to the same level, indicating that 
the water displacementris the same as before. This can be 
repeated for several shapes of the clay. Each time the two 
children can also compare their resulting -water hevels. 



- Displacement Level 

- Water Level at Start 



Have fhe filass discu&s theirr findings and de^velop a genera 
statement about volume. . • / 

WHAT HAPPENED TO THE WATER LEVEL WHEN ONE I?ART 
, NER CHANGED THE SHAPE OF HlS CLAY? (The w^ter 
level was still the same as his partner's.) 

<? , 
WPIAT HAPPEN'ED WHEN THE OTHER PARTNER CHANGED 
' THE SHAPE OF HIS CLAY? (The water level did not 

change.) ' " ■ 

I' 

WliAT DOES THIS SHOW US ABOUT THE SHAPE OF A 
SOLID OBJECT AND ITS VOLUME? (Changing the shape, 
does not change the .volume.) 
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Lesson 22: MEASURING THE VOLUME OF LEAD SINKERS 



In Lesson 15 the children had practice in measuring wa^er 
(displaced fy- marbles, and they did some simple recording of 
the results . In this lesson they .measure the water displaced 
by one le'&d sinker-and from this they compute how- much water 
would be displaced by any number (up to ten) of such sinkers. 
Since the water level rises' about thi-ee millim-eterS for one 
sinker, the children are guided to count by threes to develop 
a repeated addition or multiplication chart in the lefthahd 
■ column of Table 2 of Worksheet 31. To this volume data , the 
Children will a'dd weight data concerning the lead sinkers in. 
the next lesson, filling in at that time the righthand column 
of Table 2 of Worksheet 3 ! . Data from these two lessons, 
will result in a set of ordered pairs that the children will 
plot in Lesson ZA. ' 

Activity A i,s a review of centimeter and millimeter reading ^ ,v. 
and your class may not need it. 

MATERIALS " < ' • . ' 

— 'for each child — • • 

— Worksheet 3 1 ' 

— I lead sinker • 

— piece of stjring about 10" long \ 

— cylinder with centimeter tape attached to side (used in 
Lessons 15 and 16) * . ^ ^ 

for each group of four — 
container of water 

— medicine'dropper 
. — r paper towels 

PROCEDURE 

V 

Activity A • - • ... 

Distribute a scaled plastic cylinder to each child. Ask the 
, children to study the scale. Discuss their observations. 
'Then ask them to hold the cylinder on-its side so that the 
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tap/e looks like' a number line. Discuss the numbered marks 
an^ ask the children how many marks there are bet\yeen?one 
ai^d two, between five and six, etc, 

^ow have the children turn their cylinders to a, .vertical posi- 
iion. Ask if the number line'is different now. When they ^ 
agree that only the position has- changed, have them count 
the. unmarked Lines up tc^ one. By the time'they reach pne on 
the tape / they will have counted to ten. Remind them that 
the onq/Stands>for one centimeter, and that each unnumbered 
mark is a millimeter. . 

THE MARK LABELED I IS EQU^L TO 10 MILLIMETERS.- 
HOW MANY MILLIMETERS IS THE 2 MARK EQUAL TO? (2Q J 

You may wish to coiitinue the counting to reinforce this idea. - 
If so, draw- a large millimeter sbale on the chalkboard and 
have the children practice readir^ such points as 44 mm, 
32. mm, etc. Tell the children ^at "millimeter:*' is often 
written "mm." * / ' 

Activity B ^ " ' ^ ^ ^ ' 

See that each child has a lead sinker, a piece of string, and 
a scaled cylinder. Provide each group of four children with 
a container .of water , a medicine dropper and paper towels. 
Let the children examine the l^ad sinkets, then hold one up. 

CAN ANYONE TELL ME WHAT THIS IS? WHAT KIND OF 
METAL IS IT? WHAT IS IT USED FOR? 

Explain, if necessary, that the object is^^ade of lead,; that 
fishermen use lead wieights su^ch'as this to* make their lines 
sink into the water, and that therefore they are called "sink- 
ers." , (Sinkers, provided by MINNEMAST are-large — they 
weigh one ounce each. Such sinkers ;are us^ed.only on lines, 
intended' to catch very big fish, so the children may never 
have seen. any ^of this size.) • 

Ask the children to tie a string to each of the sinkers. Then 
have them fill their cylinders to the 40-millimeter mark with 
water and gently lower their sinkers into the water. Then^ 
ask the class: 
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If 



-HOW CAN WE figure; out how much water was dis- 

'PLACED BY EACH OF YOUR SINKERS? (By counting up , 
from the 40rmillimeter mark.) i • ^ 

HOW MANY MILLIMETERS DID THE WATER LEVEL RISE? . 
(It rose about 3 ■millimeters.) ' 

Refer to the clay, hall activity in Lesson 21 and ask; 

WHAT PROPERTY OF THE SINKER ARE WE MEASURING ' 
WHEN WE FINDTHE WATER DISPLACEMENT? (The 
volume of the sinker;) 

Have the children turn to Worksheet 3 1 and look, at t-h^e first 
*row of boxes in Table I . Explain that each child is to mea- 
sure the volume of his sinker four times and enter ea^ch mea- 
surement in the boxes below "Trial I , -Trial -2, " etc. 

Discuss the results* All should be similar — ''about 3 mm. " 
if some children do not get results that can be described as 
"about>3 mm.," ask themi to discard their weights and borrow 
others, (You want the class 
to agree on <this non- frac- 
tional measurementrfor the 
cdnjputations they will now 
be ntaking J 



Call attention to the first; 
column of Table 2 of Work- 
sheet 3 1, 

> .' 

\ 

IN THIS LESSON WE ARE 
GOING. TO FILL IN ALL ' 
THE BLANKS. FOR VOLUME 
SHOWING HOW MM 
' " MILLIMETERS ONE SINGER 
MADE THE \yATER RISE , 
HOW MANY WE THINK 
TWO SINKERS WILL MAKE' 
IT RISE, AND SO ON. 
HOW CAN WE DO THAT 
WITHOUV DOING ANY 
MORE EXPERIMENTING 













Worksheet 31 


Name 




— ( 


Unit 19 




Table 1 








Trial 1 


Trial 2 


. Trial 3 


Trial 4 . 


Wator 
by slnt^er 












cups 


*■ ,_ p^per 
cups 


• cup* 





TAble 2 



Sinkers 


rise of W4ter levol 


Weight nensHredm 
p«per Cup unlls 


1 


3 




2 






3 


. ?• 




4 


IZ 




5 


IS 




6 


18 


— : ^ ^ 


7 


11 




\ 8 


- If 




V 


17 






30 





1.32 
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WITHTHE.SINKERSANt> THE WATER? ' •. 

Children may use any method of calculating they wish. They 
may count, add by threes, or multiply by threes. The result 
should be a. worksheet like^that shown on page 123, . 

When the volume table is^finished, have a lew children check 
son^ of their answers with actual experiments -r- by adding 
two sinkers, three sinkers, etc, to their scaled cylinders-of 
water, , . 

/ 

Save these worksheets for use in'Lessons 23, 24 and 25, 
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Lesson 23: MEASURING THE WEIGHT OF LEAD SINKERS 

* '■ « \ 

In this lessfM the children \ise the beam balance'^to firtd the 
weight of a lead; sinker in paper cup units; After s^f=:ra.l ^ 
^ trials, they find that the weight of each sinker is about the 
^ same as the weight of five paper cups. They then .calculate 
by fives to figure out how much two, to ten sinkers would' 
weigh in paper cup units) and enter these figures In Table. 2 
of;Worksheet 31. 

MATERIALS ' ' ' ' ' ' • ^ ' 

' — ^"^for each child ^ * 

— Worksheet 3 I from Lesson 22 " . 

— I lead, sinker ^ . n» 

~- for each group'"of fcjur * '* . . 

i' t 

— beam balance fro^tn Unit 16 . v • . 

— :20 paper, cups 

PROCEDURE " 

% Give each child a»*lead . 
sinkec and each group a 
beam balance and twenty 
paper cups . Explair^^to the 
children that each one is to 
weigh his lead sinker f9ur 
times, using the beam bal- 
ance with paper cups as 
units of weight, and then, 
enter the results for each 
trial in the s'econd roW of " 
boxes irf^Table 1 of Work- 
sheet 3 1 . 



Have a class discussipn of<? 
the results. The children 
should observe, that each ' 
sinker weighs about the 
same as^ five paper cups . 

Using' five paper cups as - / 
the accepted weiqht for one 

V. ♦ 



Worksheet 31 


Nnmo * . 






Unit 19 




Table |., 






\ 


.)rrlal 1 


Trilnl 2 


Trlnl 3 


.Trial 4 
















cup* 


caps 





^ Table 2 





fUo ol water lev? } 


Weight r^^&^rH In 
papef cup yflVt* 


1 


3 • 




2 




* io ■ 


3 




/5 . 




It 


20 ' ' 




•/5 


xs. 


6 • 


(2 




7 


*. ■ Zl ' 




, 8- 


Z4 




9 


Z7 




10- 


30 


5^ 



•i?:5 . 



/ - 



sinker, ^lave the children compute iii any way they wish the 
weights of two tp ten sinkers, and fill in these weig-hts in the 
appropriate places>in Table 2 on Worksheet 31/ 
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Lesson 24; PLOTTING VOLUME AMD WEIGHT DATA' 

The children ^Idt data from Wprksheet'*3 I on Worksheet 32/ 
When they have done this,. they have straight lin^.graphs 
showing the relation betwe^rt. the volume and wVight of the 
lead sinkers Usqd i'n the previous, lessons, i 

. ' ' ' * • ' ' • * t , 



MATERIALS 



Worksheets 3l*a^)d 3^ 



PROCEDURE 



*>4 I 



A 



Have the children turn to Worksheefei32, Point to tl;ie numer- , 
'als .on fhe left side of the graph paper and explaiji that these,- 
numerals on the '^'up*' axis represent the weight of , fhe sinkers 
in paper cup units. Then explain. the numer&ls across *the. 
bottom of the graph -ir 'on the "over'^axis . **These numerals 
represent Water displacement in terms of v\Aater level rise • 
shown in millimeter units, and therefore indicate volum^pf'. 
the sinkers . ' - ■ * - / " 



\ - 
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Tell the^children to turn to Worksheet 31 'and look at the nu- 
merals in Table 2. Point out that there..are two numerals that 
' go tog^thel: for -each numbir of sinkers . The displacement 
nunjera-Kin the firs.t column and the weight .numeral iA the 
secoTTd column are ad^ ordered pair-. Forgone sinker, ^tTi? order- 
ed pair is (3,5.)'. . The 3 means the sinker made- the wate5r 
Jevel rise' 3 mm unit?; the'^^' 5^ means the*sinker weighed^ 5 
paper cup units, , ^ \ ^' , a 

Show the children iiow to plot an ordered pair. For a dis- 
placement of 3 mm (theiirst numeral^of the'ordered pair) 
the children^rmove on the'^^pver" axis to,the* numeral '^3 • Foi^' 
the weight of 5 unit-s (the Siscorid numeral of the ordered. 
pair)<*they. move up to" 5 on the ^'up'* axis. Th§n they trace 
along both grid lin<§s to find' the intersection, and mark that 
, point • . • ^ ' ^ 

Have the children plot five of the ordered pairs from Table 2 
of Worses heet 3 I . Then ^sk tfiem to draw line segments from 
one mark"to the next. If there were no errors, the children ^ 
should each h^ve a straight-line graph. 



/ 
/ 



/ 
* * 



Lesson 25: VOLUME AND WpiGHT MEASUREMENTS ~.CIAY VS. , LEAD 



In this lesson the children measure and graph the weight and 
volume of clay objects 'of different sizes. Then they teceive 
some practice in interpreting the graph, so that they can be- 
gin to understand that it shews the relation between the vol- 
ume and' the weight of any. piece of clay within the- range of 
the graph-. They a Iso learn that if they know the voium§ of a 
piece of clay, chey can find out the wfeight from the graph, 
and vice ^fersa . ^ . f ' , ' . 



In tjle last activity of the lesson, the childr'en/add to the same 
grid a* graph of tKe voluhie and weight of various numbers of 
lead sinkers. The result is that the completed worksheet ' 
shows tvvp graphs with very different slopes-. Because the 
"up" axis shows weight measurements ^n'd because lead is 
much heavier (vol'ume for volume) .than clay, the slopja for the 
lead SyirtRers is very steep. It rises sharply from 0^ to 25 
on the "up" axis, while extending only.irom 0 to ^15 alo'r 
the /''over" axis^ The grapl\for the clay shoy^s a much 
gradual slope, extending on^y from 0 to 10 on thex^p" 
axis, but spreading from 0 to 35 along the "03^€^r' axis, 





0 
I 



5 10 



K 20 25 30 , 35 
Volume 



1.38 
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/ By having the children practice selecting a volume measure- 
ment along the "over" axis and then^:cbmparing the weights of 
both the clay and the lead sinkers, for that volume, we hope 
the children will understand 'what a comparison of the two 
graphs shows: that for a given volume, lead is much heavier 
than clay. However, do not worry if your class is not parti- 
^ cqlarly adept at interpreting the graphs, as later units will 
give much more practice in graph' interpretation. In any 
^ case >v the concept that a specified volume of lead is much 
heavier thari^ the -same volume of clay should be verified at 
the conclusion, of the lesson in a less abstract way — by 
filling one container with clay and another of the same size., 
with lead sinkers and Jetting the children compare the two by 

• ^ hefting. ' * 

MATERIALS. ' ^ . . / . • 

— for each child , . ' 

— Worksheet 3 I (saved from Lesson 23) and new Worksheets 
33 and 34 ^ ^ ^ r ^ 

jt- ' — ^''forveach group of five 

— tray ' \ ^ \ * 

* — I stick of oil base clay ^ 
•» • 

-T- I craft stick for cutting clay 



:f • — 5 pieces of string about 10*' long 

^ — 5 pieces of masking tape for labeling strings 




— 5 cylinders with millimeter tape attached 

— container of water ^ 

— medicine dropper ^ 
• — paper '^towels 

2 beam balances 

— 2*0 paper cups 

• ^ * — for ^he class — 

— I souffle cup filled with clay (Activity D) i 

— I ^ souffle cup filled with lead sinkers (Activity. D) 
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PREPARATION' 



Assemble -the materials specified above for each group. Draw 
a large 40 x 40 grid on the chalkboard. Mark the "over" axis 
"Volume" and the "up"'axis "Weight." 

PROCEDURE ' • 

Activity A . / v\ 

Divide the class into groups of five and" have each group pick 
up a tray of materials , two beam balances and twenty paper 
cups. Have the children turn to Worksheet 33 and ask the 
"nLembers of each group to list there the. five names in the 
'froup. ^Then explain that the first child listed in each group 
wMl use 'the beam^ balance to make a ball of clay as close to 
the weight of 2 paper cups as he can. The next child on the 
list will make a, ball of clay equal in weight. to 4 paper tJups; 
the third a ball equal to the weight of 6 paper cups; the next 
a ball equal to 8 pap^r cups; and the fifth child, a ball equal 
in weight to ^0 paper cUps. Ask all the children to write 
these Weight units, in order in the thir^d cglumn of the work-^, 
sheet.' Then explain that when a childxmakes i clay ball of 
the correct weight, he is to put a stringin it, and measure ^- 
its volume in a scaled cylinder filled to the 40-millimeter 
mark with water. \ * " 

Give the children a demonstration of what they are to" do. Put 
two paper cups in one of the containers of a beam balance, 
then keep adding 'bits of clay to. the. other container until you 
have .achieved as fine a balance* as possible. Next make k 
cylindrical shape of all the bits of clay ir\ the balance, in- . 
serting a string at, the same time. .Lai)el the ^string with mask- 
ing tape marked "2" to show the weight. Ne:^t fill a scaled 
cylinder to the 40-millimeter mark with water, lower thd^lay 
cylinder into .it,, and have, a child count the number of milli- 
meters it rose. Mention that when the children reach this 
point , they will enter this measurement in column 2 of the 
worksheet. ' ^ 

Now>ask'the children in eadh group to make their measure- 
ments of the volume of clay .cylinders equal in weight to 2, 4, 
6, 8^ and 10 paper cup units and to record the measurements. 
Go aboL}t the room helping the various groups. Tell the chil- 
dren th^t when they measure one of the' larger pieces of cl^iy 
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for volume; the water should rise all around it -t if it pro-' 
trudes above the water they will not have an accurate mea- 
surement of the water rise. It may be helpful for the children 
to recall here that in Lesson 2 I they learned that changing 
^ the shape of the day does not change either its volume or 
its weight, providing no clay has been removed. Before the 
children put away their equipment to graph their data,^make 
a quick .check of their worksheets 'to see whether the volume' 
measurement for each item is represented by a numeral at 
least three times greater than. the numeral representing its 
weight. Below is a table of measurements (ordered pairs)^ 
representing a very precise set of measurements. 



Worksheet 33 . Name 
i/iiit 19 





f .*> -j^ 'f, y-t *f/Q^ 




Maw 




Z 




" /> 


4' . 


John 


/8 




~x 7- 


24 - 


8 


But 


30 


10 



If a child* s volume measurements are less than three timqs 
thpse f6r the weights, ask him to make new measurements — 
perha'pp with the help oLhis group and tlo revise his data. 

Activity B ^. ' ' 

>-. 

Have the children turn to Worksheet 34. Point out the numer- 
a'ls across the bottom of the grid paper ~ on the "over" axis. 
Remind them that these represent ^the volume in millimeters of 
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water displacejrtent. Explain that* the numerals on the "up.^' ' 
axis represent'weight in paper cup units. , 

Have the children plot the ordered pairs from Worksheet 33 
onto Works heet^34. When all points^ have been plotted by 
each child, ask each to draw a straight line segment from (0,,0} 
to the first point and then to connect: all the other points with ' 
similar straight line segments. The result in each case should 
be a slope that .extends more than three times as far on- the 
"over" axis as it does on the "up" axis. 




J * 7./ f J¥ * M ^ tfS ^ /T ^ *' « X>jfiru AT M iif ^9 X M JU' 

Water Dl9^plac««ent In MIt I Inoiem (Volume). \ \ ' \ 




Check the worksheets and accept^as, valid any thaf Thc^ a 
line sloping gradually from the point (0,0) to such points as 
(35,9), (35 , 10) , or (35, 1 1) at the right edge of .the^paper. 
Have worksheets that seem very doubtful revised; suggesting 
that .children remember that In plotting an ordered pair they 
must apply the first .numeral to the "over" axis and the second 
numeral to the "up" axis. * " 

Now select one child's clay data to be plotted on the chalk- - 
board grid. Have this child call out one ordered pair" at a time 
and have other children plot each point. . When all five points 
are plotted, connect them with line segments starting at (0,0) 
and. extending to the right edge of the grid. Mark the com- 
pleted line "Clay." ^ 
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WHAT DOES THIS LINE SHOW US? (The relation between 
the volume of Qlay and its weight.) 

HOW CAN WE^MAKE USE OF -THIS LINE? IF WE KNOW 
THE VOLUME OF A PIECE OF CLAY, CAJf WE FIND OUT' 
FROM. THIS LINE^^HOW MUCH THAT^ PIECE OF CLAY 
WEIGHS?- LET'S TRY IT AND SEE* 

Serect a numeral on the volume line, Have a child come up 
and find the^ weight for that volume by. tracing with a finger 
of his right hand straight up until it meets the sloping line, 

'and with a finger of his left hand tracing the line from the 
"up"' axis that meets the sloping liJie at the same point* 
Have a number of children call out volume measurements for 

> which other children find the weight measurements. After 
this practice, ask: * , 

• CAN ANYONE SHOW ME ANOTHER WAY TO USE THIS 
LINE TO FIND THE WEIGHT OF AN OBJECT WHEN I 
KNOW ITS VOI-UME?: 

^Some cJiUid^iBay^be a)Dle to demonstrate that if he selects a"^ ' 
certain. numeral on the volume axis, all he has' to* do is count 
the squares above that numeral to give the weight in paper • 
cup units. If no child volunteers, show the children how it 
is done, and give them some practice by having the class 
call out volume measurements for which various children 
should find the weight measurements. Emphasize the useful- 
ness of the clay graph in this way: 

HOW MANY CLAY OBJECTS DID I HAVE TO MEASURE TO * 
PLOT THIS GRAPH? (Five.) 

COULD I USE f HIS^ GRAPH TO FIND THE WEIGHTS OF 
OTHER CLAY OBJECTS THAT I DID NOT MEASURE? - HQW 
MANY?. (From this graph you could find the weight of any 
clay object that would displace^up to 35 millimeters of 

.water in our scaled cylinders ,) 

♦ * o 

Ask one child from, each'group to call out the volume of an 
object his group measured and ask other children, to se.e if the 
graph shows the weight for that object. »^ 
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WE HAVE SEEN HOW USEFUL THIS GRAPH IS IN- FINDING ' 
THE WEIGHT OF AN OBJECT WHOSE VOLUME WE KNOW . 
COULID WE ALSO USE THE GRAPH TO FIND^THE VOLUME 
OF AN^OBJECT IF WE KNEW ONLY ITS WEIGHT? 

tTie children s)ibuld be able to see .that, they can find the vol- 
ume for any object '(within the range of the graph) whose weight 
they know 4 Have them show how they would locate the wei.ght 
on the "Up" axis, then count the squares "over" to the graph. 
The number of squares 'counted on the'^over" axis would be the 
weight; Let some children name weight measurements and 
other children find the corresponding volume measurements, 
until' most of the class seems to know how to do it. 



Activity C 
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WE HAVE MADE GRAPHS SHOWING THE RELATION BETWEEN 
TWO PROPERTIES OF SOME CLAY OBJECTS NAMELY, ' 
THEIR VOLUME AND WEIGHT.. DO YOU SUPPOSE WE 
COULD GRAPH^THE SAME PROPERTIES OF LEAD SINKERS 
ON THE SAME GRID? 



"'S'Qggest 'fRaYtli'e children^have the data for the volume and 
weight of the lead^sinkers all ready to plot. Where? In 
Table 2 of Worksheet 31.. 
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ON THE CHALKBOARD AND ON WORKSHEET 34 WE HAVE 
GRIDS THAT. ARE ALREADY LABELED FOR GRAPHING VOLUME 
^ AND WEIGHT MEASUREMENTS . CAN ANYONE SHOW US-' 
HOW WE CAN USE THE SAME GRID TO GRAPH OUR 
SINKER MEASUREMENTS? J ' . " . ^ 

\i no child wishes to demonstrate on the chalkboard grid, 
help by having one child call out the first ordered pair (3^5) 
and marking the. point yourself. Then call on another child' . 
to mark the next point as it is^ called out. After that, ask 
the children to plot as much of the volume .and weight data 
from Table 2 of Worksheet 3 I as will fit on Worksheet 34 • 
When they have finished plotting / have them draw a line 
from (0,0) through all their jDOints. Then complete your 
chalkboard graph of the lead- sinker data -and mark the new 
line '*Lead. Ask the children to mark their works heet gtaphs 
in the same way. \ 
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HQld a discussion about the two different graphs:' 

WHAT DID OUR FIRST GRAPH SHOW US? " (The relation be- 
tween the volume and the weight of clay objects.) ^ . 

WHAT DOES OUR NEV/ GRAPH SHOW US? (The relation 

between the volume and the weight of lead objectSv.) ^ 

i . ♦ * . ■ *. 

WHICH GR^PH HAS THE STEEPER SLOPE ~ THE LEAD 
GRAPH OR THE (XAY?:^ (The lead.) 

CAN ANYONE TELL US WHAT A COMPARISON OF THESE 
TWO GRAPHS SHOWS? LET'S SEE IF WE CAN FIGURE IT. " , 
. • OUT. 




Have a child come to the, chalkboard and put his finger on the 
"over" axis at the numeral 7 J and ask the class what the 7 
means:. (It describes the volume of an object that would make 
^water rise 7 millimeters' in our scaled cylinders.) Have the 
cHild move a finger up the 7-line, stop at the first graph/ and 
say how. much a clay object of that volume weighs. (About- , 
the same as 2 paper cups.) Now have the child^*continue 
moving the finger up the 7- line, stop at the second graph, 
and tell how much a lead object of tfiat same volume weighs* 
(Aboii't the s^me as I I pVper cups.) 
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WPIAT A COMPARISON OF THE GRAPHS SEEMS TO SHOW 
US, THEN, IS THAT 'a LEAD OBJECT THAT HAS^ VOLUME 
OF SEVEN UNITS WEIGHS MORL.THAN A GLAY OBJECT'OF 
THE SAME SIZE* HOW MUCH MORE? 

Children may say ,^ !'The lead weighs a lot more, " or ''Many 
times more," or even, "The lead is five times as heavy for 
its size as the clay," , Any of these answers Is acceptable, • 

LET'S INVESTIGATE SOME OBJECTS OF OTHER SIZES AND 
SEE HOW THEY COMPARE .IN WEIGHT, ^ , ' 

Have the children practice comparing the weights of lead and 
clay objects of^v^rious volumes shown on the' grid. When 
most of the children seem to understand how the comparisons 
are made, ask: ' * . - ' 

CAN ANYONE THINK OF A WAY WE COULD CHECK TO SEE 
WHETHER A "LEA'D OBJECT IS'rEALLY HEAVIER THAN A 
CLAY OBJECT OF THE SAME SI^E? 

" , _ ' / 

Help the children with any simple .experiment they suggest. 
For example, they may wish to rn^lce a clay object that is 
about the same size as a lead sinker and compare the weights 
on a beam balance. (They'will discover, if they do this, that 
they will haye to make more clay objects to achieve a balance 
with the sinkerj ' / ' . 

For the' next lesson the childreh need to understand that sim- 
ilar volumes of different materials can vary greatly in weight. 
To drive home this point, fill one souffll cup with clay and 
another with lead sinkers, and ask -each child to hold onex " 
cup in each hand and tell which is the heavier. Emphasize \ 
that the volume in each cup is about the same./ ' - ' ''^ 

Ask the children if they can think of any reasons why .it might 
be important to know whether a volum.e of one kind of material 
weighs much more than the same volume of another* kj.nd of 
material. . You may rec'bive^all sprts of answers: '*A present 
in a large box that doesn^t weigh very much probably contains 
clothing or a stuffed toy. " ^'A present in a bjg box that is 
heavy probably contains a steel truck or tractor. "A box 
that Is very small and very heavy is probably full of books 
or tools. *'A big bag that is not hard to carry may be full of 



packages of com flakes or rolls of toilet paper, " Whatever 
the replies; tell the children that in their next MINNEMAST 
lesson; their knowledge will be put to good use because they 
will have to decide whether three "mystery" objects -r all 
of the same size and appearance — are all clay, mostly clay, 
or a combination of clay and some other material. 

Save the chalkboard graph of the clay, and lead arid all copies 
of Worksheet 34 for uSe in the next lesson. 



^ ■ • ■ • 

Lesson -26: VnkNOWN OBJECTS ^ , ' ^ 

^ . ^ " • ' ' ,/"\ 

A story,; ''The Golden Bracelet, " is used tp motivata,.th'e\eK- 

perimental activities in this lesson.',. The children' are shown 

• thr.ee mystery objects and asked to determine which is made ' 

\ ' o'f clay/ which is clay with some lead, and which ig^' mostly 

lead,** They are to weigh -and measure the yo^ume of the ob-r 

jectSv. and then mgke their determination by using the graphs 

. theycompleted in Lesson 25. 

The iinal activity of the lesson can serve as an evaluation, of ' 
how well the concepts in this, particular section have been 
understood. The children are .given irreg.ulary shaped pieces 
of lead and are asked sto find their volume without using the 
> displacement tecfhriique. If they have understood the -previous 
activities, they shopld be- able to think of weighing. the ob- 
jects" and using the graph to find the volume. 

MATERIALS ; * ' ^ • 



— Worksheet 35 • - v . ; 
-r> 3 objects conatining various amounts of^clay and lead 

— tor each group-df five !^ 

— the' same equipment used in Lesson 25 

^ 5 pieces of lead of irregular size made by breaking \ " 
printers *slugs (Activity C)_ , ^ 



PREPARATION-' 



Make three "unknown*' objects — all of the sarri^-sizej— to 
display on jjpur desk during the reading .of the story an;d for 
the children to ti^e in an experiment. The composition of 
each object is 'as follows:* - ^ ' ,' 



Object A — a lump of clay rolled into a form which lean bfe 
\' measured in the scaled cylinder for volume. 

A size, that displaces about 35 millimeters of 
- water is suggested.- ^ • " . ] ■ 



Object B — , a lump of clay of the same size as Object A, 
. but with I lead sinker hidden inside. 
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Object C — a lump of clay of the same size as Obje,cts A 
and^B/' but with' 2 lead sinkers hidden inside. 

Insert a string intcreach object and attaqh the appropriate 
label to^idfentify the object as A,,. B., or G to the other end of 
the string. . " / *- ; ' • ^ » * ' ^ ' 

Prepare 5 pieces of lead of different sizes for each group by 
breaking. the printers slugs, K the slugs do not break easily 
by hand, use a hammer and chisel to break them. 



PROCEIDURE 



Activity A 



Place the three mystery objects on your desk. Then read the 
story./ "The Golden Bracelet, -'as .ah introduction. to this les- 
son, Usd the question's that follow the^ Story to start a dis- 
cuss'ion about determining the content of the mystery objects, 
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OOLDEN BRACELET 

Story by Elaine Vogt * - ^ ' 

Illustrations by Sonia Forseth ' 14 1 * 
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Once upon a time there was a young man named Alberto whp 
was engaged to be married to Dorinda, the most beautiful girl in all 
the countryside. PjVoeno owned a small farm. He worked very^hard 
from sun-up*to sundown, day after day and month after mon^li. He 
eleatad forest lan,d^to make roQni for planting crops, and h^-sold the 
wood that he chopped. He w'atched over his animals carefully', and 
he never let a wped'grow. Tne spring he was -to be married was - 
especially lucki^ for him. The rain and the sun were just right for 
his cropls, Eve'ry'^hegp had twin lambs. And the. town cabinet^ 
maker paid hid a high price for an unusual kind of wood -he found 
in his forest. 



All jiis prd wdrk and good fortune brought him four units of 
■gold. THi^ gold he took to^Mario^ the goldsmith; . ' 




"Mario, " he said , "I have here in my measure e>^actly four > 
units of pure gold. I want you to use it all to make a bracelet for- 
my true:iove/DorindS, -wh-omn~shaH soon marry. . ^ 

"Ah, you want to give her a fine bracelet for a wedding 
present! " the goldsnjith said., "Well, let me put your^gold into my - 
measuring pot to see whet^her you tiave brought as much as you say. " 

^ - Alberto watched\s Mario measured the gold". Alberto thought 
that Mario had a very greedy and scheming look on his face as he ^ 
measured, but he had seen an expression sojnething like this before- 
when some other m^ admired his gold-so he thought little of it. 
"Exactly four units, just as., you said,|' Mario announced. "I shall 
bring the bracelet to you^v^^en it is re&dy. And for making it / you 
shall pay me ten "ducats . " Alberto agreed to pay what was asked. 
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, On the very day of the wedding, the goldsmith brought the 
bracelet he had made. He presented it to Alberto in a white box , 
lined with red velvet, Alb.erto was very pleased. It was more 
beautiful than any bracelet he could ever imagine! 

' Dorinda was even more pleaded than Alberto, "How hard you 
must have worked, and how long you must have saved, dear husband, 
so that I could have this beautiful gift! " she exclaimed. Then, 
turning to the goldsmith, she said sweetly, "Much thanks to you, 
too, Mario, Never before. have I seen a bracelet so beautifully 
.designed! " . - • " . 

Then, because Alberto was a generous man and because the 
bracelet had so delig'hted his bride, he paid the goldsmith twice as 
much for his work as was agreed upon. The goldsmith said not one 
word of thanks, but quickly pocketed all the money. Then he said, 
"I really deserve this extra money, you, know, because I worked 
hard and long to make this wdnderful bracelet. There is not another; 
like it in the whole wide world ! " Then he hurried away , lest anyone 
should decide he was overpaid'. 

From the very start, Dorinda was exceedingly proud of the 
bracelet^. Everywhere, she went she showed it and boasted about it, 
"Isn't it beautiful? " she would ask, "'My husband Alberto had Mario 
the goldsmith, make this bracelet^or me from four units of pure. gold. 
There is not another like it .in the whole wide world! " 



Now many of Dorinaa's good friends shared" inlher joy, but 
"some vvho were not such good friends , were quite grudging- and 
envious. One jealous woman said, "Let me hold youi ■bracelet, 
-Dorinda, so that I may admire it more closely.'" DoriLa slipped 
th^ bracelet-from her wrist, but when the woman had it\ la her hand, 
she said, "Plumph', for such a large bracelet, this one doesn't seem 
heavy enough to be made of solid gold. I think it's made of silver 
inside, with soMe- gold covering it up..." " \ 

Tnough Dorinda laughed, sh>really felt quite hurt.\ It seemed 
that s.he had been hearing this jealous remark qui'te often Irately. It . 

made her think.' But, finally, she told herself, "It doesn'V^matter 

'' ' ■ \ ■ ■ 

what people say; ifiy bracelet is made of solid gold. Othei|vise 

Mono would be a thief, and I can't believe that. " And, in^her 

secret heart, she treasured, too, the idea tbat there was^no^t'another 

braceleflike hers in the whole wide wbrld. 
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But one day as she w.as telling some townspeople about the 
bracelet, a traveler j^om a -distant land stopped to listen* Then he 
interrupted, sayrng, "You are mistafcen, young woman, if you think 
there is not anotheriDjracel-et 111re'yoiir"S^ whole wide world. 
-Mario,, your town goldsmith, has one exactly like it tucked away 
in his safe^. He ju^^t' tried to sell it to me to take home to my wife, 
but the price so high I can't afford to buy it. " . ; 



For once, Dorif|ida could not laugh. Instead, she ran hom.g to 
Alberto and — sobbing on his shoulder — blurted out what the tfav-r 
eler^had said.' "There, there, what of it? "Alberto said, soothingly. 



^ouL(litJ2e-so-4?d^i*-t4'^^ beautiful bracelets in the 



whole wide world? " ' , • 

^ ' But Dorinda was not to be soothed so easily. By now,' she 
was full -of doubts. "After all my^ boasting, that would be bad 
enough! But what if the other thing- is true, too?" 

• "What other thing , Dohrtda.? " 

o ^ "Some people are saying," Dorinda sobbed, "that the brace- 
let is not made of solid gold — that it is partly silver, or maybe 
even mostly silver. " * 

"How could that be", Dorinda? You know I gave Uaiio four 
units of gold to make the bracelet. Do you think he stole some of 
my gold to make this other bracelet'that the traveler saw? ' 

"I don't know.. I only know that, if he did, vye are muc:h the 
poorer for it . '* , 
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Suddenly Alberto remembered the greedy scheming look on 
Mario's face when he was measuring the gold. He remembered, too, 
how quickly Mario had pocketed the double pay, without one ^^pvd 
of thanks • Very angry novy , Alberto snatched up the long^xe he 
used to. clear his land, "We shall find out the truth a bout the 
bracelet right now!" he shouted, "I shall chop it in half and we 
shall know —.once and for all ~ what it is made of. Give it to me!"- 

"Oh, no!" Dorinda pleaded. "You must not destroy the brace- 
let. It is your wedding gift to me. And I still think it's very bea)j- 
tiful ! Surely there must be a better way to learn the truth about it. 

Alberto put away the axe. ^^Yoxi^r^e right, I^rinda . , We m\lst 
tty to find a better way. . Come, let us visit Ricardo, the town elder. 
Perhaps he can help us. " 

, . When RicafcJo heqrd their story, he said, "I have heard some of 
of these rumprs myself, but I cannot accuse a person without proof. 
I shall have to ask, you to leave the bracelet here, Dorinda, so that 
it can be tested to see whether it is solid gold or not," 

"But how will it be tested? " Dorinda asked nervously . ("Will 
it be sawed in half, or drilled, or scratched, or damaged in any 
other w^ay?" ' • , * ' 

"No, Dorindh, your bracelet will not be harmed; ^ I will take 
it to a learned man in the city. He will perform experiments by " • 
taking" some weight and volume measurements of silver and gold, 
and then some weight and Volume measurements of the bracelet. 
Come back this same timq.next week , and you will learn the truth 
about it." " ^ - 



Neither Albert d nor Dorinda -understood how anyone, could 
test the brace let -wdhout harming it, but they trusted the town -elder, 
Ricardo/ and they left it with h'im. Nevertheless, they' spent a ' ,. 

were quite relieved when they returned a week 



worried week. They 



later and saw that the beautiful bracelet was- unchanged and unharmdfJ 



in any way. 



' Ricardo spoke. 
"The tests show that 



r 



"Your, suspicions were correct, " He told tl^^rfi.' 
the bracelet is half pure gold and half pure,' 
silver. Mario^has been arrested and will }ia\/e^to pay a large-fine 
foV hi's dishonesty . " ' 

■ _ Alberto and Doiiinda "felt very sa,d. They had hoped against 
hope that the tests w|uld show that .Mario was not a thief and that ' 
±he bracelet was made of solid gold. "Mayhe the tests are wrpng, " ■ 
Dorinda said, as she picked up the bracelet and put it on'. "Yd»u can 
see that the learned man who did the testing did'not cut the bracelet 
open. .How, then, cotild he possibly kn6w'what;s inside? " ! ■ 

"Dorinda, the town elder explained, "scholars .have known- 
for a long time how tojind'out what amounts of -pure silver are^in an 
object without destroying it. A v^ry'g^eat man jiamed Archimedes • 
discovered how to do these. things many hilndreds of yea\s ago, and 
learned men'haye been jasing his raethbHs'ever "since^ " \ 

erto 

apd Dprinda accepted the explanation as truth because it came-froiti 
'Ricardo. ' " 

But they were now extremely unhappy. . Finally, Alberto said, 
^ worked so Hard for' the gold fbr mybride's present. To. have half * 
of it stolen is a great loss."' ' • ■ " . ' ■ ' 



though they still '^id not understand how it was done , 
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•^Perhaps t:his will make you feel better^, " Ricardo said, as\ 
he brought out.-a white 15ox,^and opened it before their eyes. 
Dorinda and-Albetto blinked in amazement as they saw a beautiful 
bracelet -r exactly like Dorinda's — gleaming and sparkling against 

-the" red Velvet lining of the box. "Mario sai-d that the othep half of 
your gold is in this bracelet ,4Uberto/* Ricardo sajd. "He wants * 

""you to have it to make amends for what* he has done -and I, too, 
think you should have it." 

Dorinda's eyes Dearn^ed.- And,, for the first time in a long 
while, s:he laughed. "Whatever* shall I do, Alberto, with two such 
beautiful, bracelet?? " « ^ ' . • ' ' 

"You shall wear 'one on each wrist and look twice as grand 
as before! " Alberto ^'<clairned. And ife' tpok t|he second bracelet and 
slipped it in place on 'her arm^ ' 4^' . 

Then Dirinda and Alberto heaped praise^ and thanks upon 
Ric^rdd/ the town elder, for alNhe had done. And' to show their ' 

gratitude they gave him a little lamb for'a'gift. ^ 

i' ^ 

^ "Thank you very much , Rjicardo said modestly**, "but the 
credit reerily should go to the man w.ho made the- tests i" 

"And maybe we should^be thankful for the great Archimedes, 
too\* " Alberto suggested, very proud that he ^yas able to remember > 
\and pronounce correctly the name of this fariious man. 

\ ^ ' * 

"Most x^ertainly for the great ^Archimedesl'^ the town elder 

agreed, as*' Alberto and Dorinda were taking their leave of him. 
then, turning "back to the work on his desk, Ricardo smiled, think- 
ing, "What a wonderful time Dorinda will have s-howing off her two 
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beautiful bracelets! My, how they do sparkle and gleam in^the 
sunlight! " ' * > - / ' 



'And he was ;^ery happy ^about thQ way things turned out 'in the - 



dnd. 
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j Ask the class: 

, ^ CAN.YOU THINK OF ANY EXPERIMENTS OR TESTS THAT THE 
LEARNED MAN IN THE STORY Ml(2mESSrE USEE>TO DETER- 
MINE THAT DORINDA'S BRACELET WAS PARTLY SILVER^ 

Let the children speculate.. Then hold up the ];hree "mystery" 
objeclfs A, BandC/'/|\ ^ ' ' ' « 

- DO YOU THINK. WE COULD USE THE SAME TESTS TO 
. DETERMIIilE WHETHER THESE OBJECTS ARE ALL CLAY OR • 
A COM.BINATIOM"'QF CLAY -AND LE/^D? 



\ 



/ < 
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Activity B 



Hold up the three "mystery" objects — B and C — and ■ 
^ elicit from the class ways to use the information they have 
been Acquiring to find out whether the objects are all clay, w 
mostly clay, partly lead or mostly lead. Then pick three dif- 
ferent groups of five. children each and have each group weigh 
and find- the displacernent of one of the three unknowns. Have 
the children doing the meas.ufing call out their findings so that 
the rest <jjj^the class can record the results on'the bottODX^of^^ 
Worksheet' 35. After all three object's have been measured for 
weight in paper cup units and for volume in number of milli- 
meters the water rose i^n the scaled cylinders,, have each class 
member plpt these^ ordered pairs on Worksheet 35 and label 
each point. : 




W*ter-P»«pl«cement tn' Mt M Iftotem (Volynel.l . 




Discuss with the children the locaM6p«<?f t^'e point for each 
unknown and what they might decide^^^Sut ^he makeup of each 
object if they used the inforn atiaf^ show:ia by the clay and lead 
, graphs; few questions niay aid the ^iseu|sion: 

WHICH'OBJECT WEJGHS THEvTLEAS/f^ jc&ject A.) 

' ■ ' ■ ' ' 'J ■ H'^-' 

WHICH OBJECT- HAS THE MOST OLAYTUObject-A'J 
WHICH OBJECT WEIGHS THE MOST? /(Object C7r~ 




"56 
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• WHICH OBJECT HAS THE MOST (Object Cl) 



a 



(Objfect 

/ 



/ WHiaH OBJECT E^S THE MIDDLE WEIGHT? 

WHICH OBJECT V^S. SOME LEAD, BUT NOT^AS MUC 
OBJECT C? (OHject o.) 



|H'E VOLITMES OF ALL THREE OBJECTS WERE ABOUT THE 
SAME, SO HOW DID WE MAKE OUR DECISIO^IS?- /By-^^^ 
v;eighf measurements — ; the heavier the object, tjie more 
ijead it contained .-1 / ^ • 




Sliivity C 



\ 




'rv^Sho^ the childre^n the , irregular lead shapes and tell them that 
they will be asked to find the volumes v^ithout using the wat^r . 
'displacement test for measjuring. Let the childrert^iaK^bout 
^is problem at their leisure. The next-day ^laV^Ttherh. experi- 
ment with the methods tney have decided on. The children 
sll^ld*not have the sca'led cylinders and water /available ai- 
thi^ime.: It is not expected that all the childr/ejj^^^rte"able 
to sc^^e this problem, /but after a i^-^JiS^^^^^^c^ ex by weigh- 
ing tff&ir objects , find/ing the^^wj^;g^j^?;^n'''!^^^ gpph, and reading 
the voyi'mes, others „snQkii3^^4^%^ to pick up/the procedure". 




' /■} - 

if^)J^'-^ ~ chebk tli4ir answers' mU^be-wSter^dispiacerneM test. 



as Ji 



In crder tq. e>raluate tme progress the childreri have made in. 
isrstandlng functioiial relations arid grapHirig, let them work 



uoepenpenuy as pbssiuie in soiving tne/ prooiem oi linaing 



the volume of each pieice of lead 





\ 



s6n~27r-LEARNING WITH GRAPHS 



In thm^esson, the children will get experience in interpreting 
line gra]phs. In Activity A the children look at a given point; 
on a graph^ then th^yVead the horizontal and vertical values 
for that poinK In Activity B the^hildren plot ordered pairs on 
a graph and tnten discuss tjiese points. A new graph of tern-, 
perature vs.^dai^es is introduced in- Activity C and the children 
u-s,ejt tq^fiswerjqu^st'ions . . . 




Tell them that they are go^^jicffp^tjexk at points A through G on^ 
their graph and find6^t^hat each poJrit represents. Discuss 
with your class wl)c^*the horizontal and vertical numbers re- 
present. Tell them that you would like to iiave them help you 
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(^evelop a chart on the chalkboard on which to record'the val- 
ues 'of points A - G. Below is a sample chart: ^. - . 



Points 

on 
Graph 


Rise in vyater level in mm. 


Weight in paper cups 


A 


3 




B - 


6 




10 


C 






15 


D 


12 


1 

20 


E 


15 


25 


F 


14 


4 


G 


28 


8 


H" 






I 






J 


8 


• 


K 


9 

• 


6 


L 







Have the children look at point A, then read its valu^n the 
*'over" axis. (3 J Record this information on the chalkboard 
chart and ask for the vertical' reading. (10..)' Record'it. It 

^might help "some children in tracing from the point to the axes, 
if they placed a ruler on the grid so that the edge of ^the ruler 

,was even with th^ grid line on which the point was located. 

This m'ethod could be demonstrated on the chalkboard. Ask 

different children to read and record the value of other points 

until all lettered points have. been recorded. 
* 



Use questions like the foilowing to .continue the discussion 
of the graph and the chart ^ _ . . 

WHO can' give me the ordered pair for ANOTHER' 
POINT ON THE LEAD LINE — ONE THAT IS NOT LABELED 
WITH A LETTER?- 

• WHO CAN GIVE ME PHE ORDERED PAIR FOR ANOTHER 
POINT ON THE GLAY LINE? . . ' 

IF I HAD A PIECE OF CLAY WHICH DISPLACED WATER TO 
THE 8-MILI.IMETER LEVEL. WHAT WOULD IT WEIGH? 

FROM A COMPARISON OF THE TWO GRAPHS CAN YOU.^ 
TELL WHETHER A CERTAIN VOLUME OF LEAD IS HEAVIER 
THAN THE SAME VOLUME OF CLAY? 

* 

Ask the children to give specific comparisons /e. g. , 
piece of clay of the volume that makes the watef levetrise 
six millimeters is equal to the weight of two paper cups, but 
a piece of lead of the same volume is equal to the weight of 
ten paper cups. " Perhaps some children can then say that 
lead is about five time.s heavier than clay, but this is not- 
required. 

Activity B / " . - ' 

List the following ordered pairs on the chalkboards ^ 

, - . M 05,21) 
♦ ^ N CI3J4) 
^ P (6,4) 
^ Q (24,8) 
R (23, 17) 



Ask the class to plot and label these points on Worksheet 36. 
Remind the children that the first number of each pair is found 
on the bottom line, the "over" axis. When they have all 
finished plotting the five points, conduct a'discussion about 
them, using. questions similar to the^e: 

.ARE ANY OF THE POINTS WE JUST PLOTTED ON OUR 
GRAPH LINES FOR CLAY OR LEAD?^ (No.) 
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WHICH OBJECTS- REPRESENTED BY THE POINTS M - R 
COULD BE MADE UP MOSTLY OF LEAD? (M and N.) 
WHY?- (They are nearer the lead line.) 



WHICH OBJECTS REPRESENTED BY THE POfNTS. M - R 
COULD BE MADE UP MOSTLY OF CLAY?'^ (Q.) 
*■ WHY? ^. (It is nfearef the clay line.)' 

THROUGH WHICH POINTS COULD YOU DRAW A LINE 

^ THAT WOULD BE ABOUT AN EQUAL DISTANCE FROM ' 

THE CLAY AND THE LEAD LINES ? (Through points 
P and R.) . . ' ' ' ' 

Activity C * . 

'Ask your class to' turn to Worksheet 37. • 





Workaheet 37 








Unit 19 . " 


















. . „ 




/• • • 




. _5 








* r Y'* 




- . .. 3 


r 




• . J « 




/6' ; : : : 












^* * K^^ Low 




: : :fi-\- 










. t^. 















Talk^about the values represented by 
the horizontal and vertical axes. 
Call the children*s attention to the, 
place on the worksheet where they 
-aire to record -their answ.ers to the 
qii^stions^ou^wiirread aloud. Read 
the following questions -and^ask the 
class to "study their graphs to find 
the answers. Have them record the 
answers in the proper blank on -the 

^worksheet. . 

o. , . 

pN WHAT DATE WAS THE HIGHEST 
TEMPERATURE RECORDED AND 
WHAT WAS, THE -TEMPERATURE? 



(26, 33 ). 



ON-WHAt DATE WAS THE LOWEST 
' TEMPIERATURE RECORDED AND 
WHAT WAS THE/TEMPERATURE? 
(18, 1°).. ■ . . 

W.HAT TEMPERATURE WAS 



RECORDED THE MOST TIMES? 
HOW MANY TIMES? ( I 2 was recorded 5 times.) 



WHAT TEMPERATURE WAS RECORDEDJT-HE- SECOND 



1 



GREATEST NUMBER OF TIMES?, HOW MANY TIMES^WAS if 

RECORDED? (It.waS a tie; 9 was recorded, 3 times; 

16°^ was recorded 3 times.) . . - 

WHAT IS THE DIFFERENCE BETWEEN THE HIGHEST AND 
LOWEST TEMPERATURE READINGS.? (33° = 3 2°) 

• , :..../ 




•SUMMARY- 
Upon completing this unit a child should: 

— have increased his tendency to look for relationships be-^ 
tween changes that he observes and to make these rela- • 
tionships evident by accumulating data in tabular and 
graphical form* 

— be able to look at a graph he has made and explain it sim- 
ply e.g. "This graph shows how tall my plant was on * 
different days, " or "This graph shows the relation of the 
height of my plant to its age." He should not b^ expected ^ • 
to say, "This graph shows the^funbtional relation between 

the "age and height of my plant. " • 

c 

— understan^Lthat.the movements of the three hands of the 
standard twelv^e-hour clock represent- different durations, 
and that in "telling time," durations are counted from 
twelve. He should "have started to do some clock reading 
and. should be given practice in this during the rest of the 
school year. ' • 

— know how to plot ordered pairs on a grid. He should know 

- that the first numeral of the pair is always plotted'^^xr^he 
"over" axis , and that ±he second numeral of the i% 
always plotted on the "up" axis. He should kn(^,. for 

- example, that the point (3,2) on a grid is hot thg^same as 
, ^he point (2,3). . ' 

— have improved his measurement skills somewhat, particur ^ 
* larly in reading the millimeter scale and in using the beam 

balance . } 

This unit can be considered to have achieved its. purpose if. 
your children have made progress along the lines noted above. 
Remember that each of these skills and concepts will be rein- 
forced In later units . 
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